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Abstract—We present the results of multicolor (UBV JHK LM ) photometry (2009—2017) and low-
resolution spectroscopy (2016—2017) of the semi-regular variable V1427 Aql = HD 179821, a yellow
supergiant with gas-dust envelope. The star displays low-amplitude (AV < 0m2) semi-periodic brightness
variations superimposed on a long-term trend. The light curve shape and timescale change from cycle
to cycle. There are temperature variations characteristic for pulsations; brightness oscillations with no
significant change of color are also observed. The U BV data for the 2009-2011 interval are well reproduced
by a superposition of two periodic components with P = 170? and 141¢ (or P = 217¢—the one year alias
of P =141%). The variation became less regular aiter 2011, the timescale increased and exceeded 250¢.
Unusual photometric behavior was seen in 2015 when the star brightness increased by 0725 in the V filter
in 130 days and reached the maximum value ever observed in the course of our monitoring since 1990. In
2009—2016 the annual average brightness monotonically increased in V, J, K, whereas it decreased in
U and B. The annual average U — B, B —V, and J — K colors grew, the star was getting redder. The
cooling and expanding of the star photosphere along with the increasing of luminosity may explain the
long-term trend in brightness and colors. Based on our photometric data we suppose that the photosphere
temperature decreased by ~400 K in the 2008—2016 interval, the radius increased by ~24%, and the
luminosity grew by ~19%. We review the change of annual average photometric data for almost 30 years
of observations. Low-resolution spectra in the A4000—9000 A wavelength range obtained in 2016—2017
indicate significant changes in the spectrum of V1427 Aql as compared with the 1994—2008 interval, i.e.,
the Ball and near-infrared Ca Il triplet absorptions have gotten stronger while the O I A\7771-4 triplet blend
has weakened that points out the decrease of temperature in the region where the absorptions are formed.
The evolutionary stage of the star is discussed. We also compare V1427 Aql with post-AGB stars and
yellow hypergiants.
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INTRODUCTION is a post-AGB supergiant and a planetary nebula
progenitor (Pottasch and Parthasarathy 1989; Hriv-
The evolutionary status of the yellow super- nak et al. 1989; Ferguson and Ueta 2010); other
giant with infrared (IR) excess HD 179821 (BD— data favor the idea that HD 179821 is a massive
0003679 — SAO 124414 — IRAS 19114+0002 — star (MZAMS > 20 M@) WhiCh has EVOIVGd Off ‘[he
V1427 Aql) is not entirely clear. No doubt it is Red Supergiant (RSG) and later can undergo a
an evolved star as implied by the presence of a Supernova II outburst, lose its envelope, and become
- - tron star (Jura et al. 2001; Oudmaijer et al.
spherical gas-dust circumstellar envelope formed @ €U S )
through mass loss episodes during earlier stages of 2009 Sahin et al. 2016). Both hypotheses were
evolution. But the initial mass of HD 179821 is d1scus§ed in detail in Reddy and Hrivnak (1999),
still in question. Some data indicate an intermediate ioishe_lm and IIeere (2001), Coroller et al. (2003),
mass (Mzans = 1—8 Mg), and then HD 179821 rkhipova et al. (2009).
Photometric instability is an important feature of
tDeceased. HD 179821. We discovered its variability on the
"E-mail: ikonnikova@gmail.com basis of our photometric observations in 1990—1992
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(Arkhipova et al. 1993). In the General Catalogue
of Variable Stars, the object was designated as
V1427 Aql and associated with semi-regular SRd-
type variables (Samus 2017). Further investigations
carried out in 1993—1999 (Arkhipova et al. 2001), in
1994—-2000 (Hrivnak 2001), in 1999—2000 (Coroller
et al. 2003), and in 2000—2008 (Arkhipova et al.
2009) revealed low-amplitude (AV = 071-072)
brightness oscillations with cycle lengths of nearly
200 d and also a general change in brightness and
colors. The stars at the late stages of evolution are
known to experience some instability which differs for
post-AGB supergiants and yellow hypergiants, the
latter having evolved off the RSG. Therefore knowing
photometric variability peculiarities is of particular
importance for the stars of uncertain evolutionary
status.

In this work, we present new multicolor photomet-
ric data for V1427 Aql obtained in 2009—2017 and
analyze the overall change in brightness and colors
over the whole period of our photometric observations
since 1990. We also adduce low-resolution spectral
observations obtained in 2016—2017 and compare
them with earlier data.

OBSERVATIONS
UBYV Photometry

We have been carrying out photometric observa-
tions of V1427 Aql since 1990. The results of UBV
light curve study over the 1990—2008 interval were
reported in Arkhipova et al. (1993, 2001, 2009).

After 2008 we continued to monitor V1427 Aql
at the Crimean SAI MSU Station with the 60-cm
Zeiss reflector equipped with the photon counting
U BV -photometer (Lyutyi 1971). The diameter of
the chosen aperture was 27”. The star SAO 124412
(sp = G8IV) with U = 9787, B = 9m56, V = 8m77
was used as a comparison star. We estimate the av-
erage uncertainty to be about 0*01. Table 1 presents

U BV -magnitudes for V1427 Aql in 2009—2017.!

IR Photometry

IR photometric observations were made at the
Crimean SAI MSU Station with the 125-cm tele-
scope. The photometer with a liquid nitrogen cooled
photovoltaic indium antimonide (InSn) detector (She-
navrin et al. 2011 ) was installed at the Cassegrain fo-
cus, the output aperture was ~12”. The star BS 7377
(Sp = FOIV) was used as a photometric standard,
and its magnitudes were taken from the catalog of

"The full version of Table 1 is available only online via
http://vizier.u-strasbg.ir/cats/J.PAZh.htx.
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Johnson et al. (1966): J =2m75 H = 2761, K =
2m57, L = 2mb4, M = 2m59. Our photometric errors
did not exceed 005 for the M band and 002 for the
others. In an earlier paper (Arkhipova et al. 2009),
we review the IR photometry made in 1992—2000
and in 2008 (two nights) and also the data obtained
by other researchers before 1992. Table 2 presents
new JH K LM magnitudes for HD 179821 gained in
2009—2017.

Spectral Observations

We have been making low-resolution spectral ob-
servations of V1427 Aql since 1994. The review of
spectral data obtained in 1994—2008 can be found in
Arkhipova et al. (2009). In this work, we present
the recent observations made in 2016—2017. Spectra

with a wavelength coverage of A4000—9000 A were
obtained at the Crimean SAI MSU Station with the
125-cm reflector and the fast A-spectrograph. An
SBIG ST-402 CCD was employed providing a spec-
tral resolution of ~2.2 A per pixel.

The log of observations is presented in Table 3,
where we list the observing date and the identity of
the standard star used for calibration. On October 25,
2016, a standard star was not observed because the
weather got worse.

The spectra were processed with the use of the
CCDOPS standard program and the SPE program
(Sergeev and Heisberger 1993). The data were
flux-calibrated using spectrophotometric standard
stars, the spectral energy distribution for them in the

A000—7650 A wavelength range was taken from
the spectrophotometric catalog of Glushneva et al.

(1998) and extended to A9000 A according to the
stellar spectral flux library of Pickles (1998).

ANALYSIS OF PHOTOMETRIC AND
SPECTRAL VARIABILITY OF V1427 Aql

Photometric Variability of V1427 Aql in 2009—2017

In Fig. 1 we present the UBV light and U — B,
B —V,U —V color curves for V1427 Agl observed in
Crimea in 2009—2017. During that time the object’s
behavior was not strictly homogeneous.

In 2009—-2010 (JD = 24 54970—55516)
V1427 Aql displayed a regular cyclical variation in
brightness.  Colors varied strictly in phase with
brightness: the object was bluer when brighter and
redder when fainter. In 2010, when the pulsation
pattern appeared the most distinct, the full range in
brightness was of AV = 0™18 and the B — V color
varied over a range of 058—0"66.

A smaller brightness range was present in the
2011 observations with a peak-to-peak variation of

ASTRONOMY LETTERS Vol.44 No.7 2018
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Table 2. JHK LM photometry for V1427 Aql in 2009—
2017
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Table 3. Log of spectral observations for V1427 Aql in
2016—2017

JD J H K L M
2455048.35 | 543 | 5.00 | 4.75 | 4.48 -
2455319.58 | 543 | 5.02 | 476 | 4.54 —
2455410.34 | 5.36 — 4.72 — —
2455433.31 | 5.39 - 4.73 - -
2455501.15 | 5.45 - 4.76 - -
2455700.53 | 5.40 — 4.72 — —
2455734.45 | 5.44 — 4.74 — —
2455753.40 | 5.44 - 4.76 - -
2455782.33 | 540 | 5.00 | 4.73 | 4.50 -
2455818.28 | 5.36 - 4.68 - -
2456084.53 | 5.37 — 4.70 - -
2456147.35 | 5.31 - 4.61 - -
2456409.58 | 5.33 - 4.63 - -
2456470.44 | 5.28 — 4.57 — —
2456489.38 | 5.28 — 4.57 — —
2456515.39 | 5.25 - 4.57 - -
2456591.16 | 5.22 - 4.53 - -
2456876.31 | 5.13 — 4.41 — —
2456968.19 | 5.13 — 4.40 - -
2457233.40 | 5.09 - 4.38 - -
2457261.32 | 5.08 - 4.35 - -
2457266.30 | 5.06 | 4.63 | 434 | 4.10 | 3.83
2457292.21 | 5.03 | 4.60 | 431 | 4.09 | 3.70
2457525.50 | 5.10 | 4.64 | 437 | 4.11 | 4.10
2457529.54 | 5.11 | 4.66 | 439 | 4.14 | 4.09
2457556.48 | 5.09 | 4.62 | 435 | 4.12 | 4.11
2457566.44 | 5.08 | 4.62 | 432 | 4.07 | 3.99
2457583.38 | 5.08 | 4.64 | 435 | 4.09 | 4.02
2457594.36 | 5.10 | 4.66 | 436 | 4.11 | 4.02
2457616.32 | 5.04 | 4.61 | 431 | 4.10 | 3.93
2457640.32 | 5.04 | 4.60 | 430 | 4.11 | 3.94
2457855.60 | 5.11 | 4.64 | 438 | 4.14 | 4.14
245789250 | 5.10 | 4.64 | 441 | 4.16 | 4.22
2457909.50 | 5.07 | 4.57 | 430 | 4.06 | 3.94
245791250 | 5.13 | 4.63 | 4.36 | 4.09 | 3.95
245794340 | 5.08 | 4.61 | 437 | 4.06 | 4.0l
245794840 | 5.07 | 4.63 | 435 | 4.07 | 4.03
245795040 | 5.09 | 4.61 | 435 | 4.06 | 3.97
245797140 | 5.07 | 4.61 | 433 | 4.08 | 4.09
245797530 | 5.06 | 4.59 | 4.33 | 4.07 | 4.02
2457978.30 | 5.06 | 4.61 | 433 | 4.07 | 4.13
2457999.30 | 5.05 | 4.60 | 4.34 | 4.10 | 3.99
2458008.30 | 5.06 | 4.59 | 4.30 | 4.04 | 4.05
2458063.20 | 5.12 | 4.63 | 4.30 | 4.06 | 4.00
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Date JD-2400000 Standard
May 7, 2016 57516 4 Aql
June 5, 2016 57545 50 Boo
June 8, 2016 57548 4 Aql
July 27,2016 57597 4 Aql
October 25, 2016 57687 -
June 27, 2017 57932 4 Aql
June 30, 2017 57935 4 Aql
October 16, 2017 58043 4 Aql

nearly 01 in UBYV. Brightness variations were not
accompanied by significant change in color.

Brightness variations turned out to be less regular
in 2012—2014 (JD = 24 56040—56605) with a maxi-
mum amplitude of 015 in V, the timescale of bright-
ness variability increased and became comparable to
the duration of an observational season.

In 2015 we performed UBV observations of
V1427 Aql during 138 d, from May 19 till October 3
(JD = 24 57162—57299). In the course of this
time, the star brightened quickly by AV ~ 0m25,
AB ~ 0m33,and AU ~ 0m40. By JD = 24 57299 the
V brightness reached the value of 7785 that appeared
the maximum brightness since 1990, over the whole
interval we had observed V1427 Aql. Unfortunately,
the estimate obtained that night was the last in 2015,
so we could not fix the moment of maximum in
that cycle. The evolution of the stellar colors was
unusual: the brightness increasing from V' = 805 to
V =7m91, the B—V and U — B colors hardly varied
indicating that the luminosity growth was due to the
increase in the star radius but not to the rise of the
temperature; then the star became a little bluer.

The next observational season for V1427 Aql
started on April 7, 2016 (JD = 24 57486) and
lasted for 228 days and during this time the stellar
brightness increased systematically in all the bands
displaying local extremes in the B and U light
curves: minimum brightness at JD = 24 57517
and maximum brightness at JD~24 57630. The
star brightened by AV ~ 0715, AB ~ 0727, AU ~
039 having gotten bluer by A(B — V') ~ 0™10 and
A(U — B) ~ 0m15.

The stellar brightness was increasing for 146 days
in 2017, beginning April 26 (JD =24 57870), reached
its maximum near September 18 (JD = 24 58015),
and then the star started getting fainter. The ampli-
tude of light variation was up to 013.
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Fig. 2. Color—color and color—magnitude diagrams for V1427 Aql covering five observing seasons. Numbers indicate years.
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Fig. 3. Light and color curves of V1427 Aql in near-IR range in 2009—2017. In the upper left panel points represent L

magnitudes, open circles—M magnitudes.

Figure 2 plots the (B — V)—(U — B) and color-
magnitude V — (B — V) diagrams to demonstrate
the difference in color-magnitude relation for various
observational seasons.

Apart from regular oscillations of brightness and
color which are more or less regular and correspond
to pulsations and maybe some other type of atmo-
spheric instability, the star displayed a general trend
in brightness and color over the observing interval:
on average the V' brightness increased from season
to season with the B and U brightness getting fainter
and the U — B and B — V colors getting redder.

In the near-IR range, the J (1.25 pym) and K
(2.2 pm) observations are the most numerous for the
2009—2017 interval. Figure 3 shows J, K, L and M
lightand J — K, H — K, L — M color curves. Stellar
pulsations are responsible for brightness variations
within each season with the amplitude not exceeding
~0™1 and being largest in the J band. The JHKL
brightness appeared to increase systematically from

ASTRONOMY LETTERS Vol.44 No.7 2018

season to season in 2009—2015. By 2015 the star
showed an increase in brightness of 0™4 in J while
colors got redder, for example, the J — K color in-
creased by ~0™1. It’s worth mentioning that a sig-
nificant excess of the M light was observed in 2015.

In the section “Secular trend in brightness and
color” we discuss the gradual change of seasonal
average photometric parameters of the star.

Period Analysis

Figure 4 shows the entire V' light curve observed
in 1990—2017. As one can see, the star displays a
semiregular brightness variation with changing am-
plitude that is typical for oscillations with multiple
periods.

Search for periodicity for V1427 Aql was carried
out by Arkhipova et al. (2001, 2009) on the basis
of photometric data obtained in 1990—1999 and in
2000—2008 respectively and also by Coroller et al.
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Fig. 4. V-band light curve for V1427 Aql observed in 1990—2017. More recent data obtained in 2009—2017 are located to the

right from the vertical line.

(2003) on the basis of their own observations made
in 1999 and 2000 with the data of Arkhipova et al.
(2001) and Hrivnak (2001 ) engaged.

Using UBYV observations of V1427 Aql made in
1994—1999 (Arkhipova et al. 2001), we found two
periods of Py = 205% and P; = 1427 and suggested
that they correspond to the fundamental mode and the
first overtone of pulsation. Coroller et al. (2003) got
similar values.

Arkhipova et al. (2009) pointed out a possible
change of pulsation period and phase for V1427 Aql
after the year 2000. We found two periods Py = 196 +
5 and Py =128 £ 5% for the interval 2001—-2008.
These periods are the one year alias of each other.
[t turned out difficult to determine which of them is
a true period of pulsations and which is a spurious
one. The data obtained in 2001, 2004, and 2005,
when the pulsation pattern was distinct, agree better
with P, = 128 4 5¢ while the timescale of brightness
change was closer to 200¢ in 2002, 2003, 2006, and
2007.

In this work, we present frequency analysis basing
on the new UBV data acquired in 2009—2017.

To search for periods, we used the program PE-
RIODO04 (Lenz and Breger 2005) and also the pro-
gram EFFECT created by V.P. Goranskij which ap-
plies a Fourier transform for arbitrary data spacing
(Deeming 1975).

The frequency spectrum derived from the UBV
data for the 2009—2011 interval shows a clear peak at
P, =170 £ 5%, and with this peak removed, two other

periods dominate the residual spectrum: P, = 141 +
5 and P3 = 217 & 5%. The frequency spectrum that
covers the period range of 10¢—400 and includes the
2009—2011 B data is shown in Fig. 5. Ten estimates
of J brightness obtained in the interval 2009—2011
yield two periods of 137 and 2169 which are the one
year alias of each other and are close to the values P
and Pj5 derived from the UBV data.

In 2012—2017 the period increased and exceeded
observing intervals. The timescale of brightness vari-
ability rose up to 2604 in 2012—2014. The frequency
analysis reveals a period of nearly 370¢ for the 2015—
2017 subset of V data. 22 estimates in the J band
made in 2015—2017 yield a period of 175¢ but its
significance value is not high.

The nature of V1427 Aql semi-periodic variability
is not entirely clear. Along with the cyclic change
in brightness which is similar to pulsation, variations
of another type are present perhaps being a result of
variable stellar wind.

Secular Trend in Brightness and Color

Long-term monitoring of V1427 Aql from 1990
till 2017 leads to the detection of a secular trend in
brightness and color. In Fig. 6, which shows the V'
lightand U — B, B — V color curves for the whole ob-
serving interval including data from Arkhipova et al.
(2009) and also the change of the J magnitude and
J — K, K — L colors from 1987 till 2017 including
previously published (Hrivnak et al. 1989; Kastner

ASTRONOMY LETTERS Vol.44 No.7 2018
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Fig. 5. The frequency spectrum based on the B data obtained in 2009—2011 for V1427 Aql: (a) the initial spectrum including
the full set of observations; (b) the residual spectrum with the primary period component removed from the light curve.

and Weintraub 1995; Arkhipova et al. 2009) and new
data; each point is an annual mean value.

The U — B and B — V colors were getting mono-
tonically bluer from 1990 to 1994 with the V' bright-
ness decreasing. The B —V color remained quite
constant after 1994, and the U — B color continued
to decline. The 1998—2000 data reveal a tendency for
the object to get redder, then the star got bluer again
in 2001—-2002, and in 2002 the U — B and B—-V
colors reached the values that appeared minimum for
the whole observing interval. Later, after the year
2002, the object was getting redder and brighter in
the V band. By 2016 the V brightness reached the
1990 value with the colors being redder than when our
observations started.

Hrivnak et al. (1989) and Kastner and Weintraub
(1995) were the first to obtain near-IR observations of
V1427 Aqlin 1987—1988. By 1992 when we started
monitoring V1427 Aql in the near-IR, the star was
found ~0m3 fainter in J, and the J — K color turned
out bluer. From 1992 till 2000 the J brightness was
changing by not more than 01 with the J — K color
variation being within the range of 005. From 2001
till 2007 the star was not observed in the near-IR.

ASTRONOMY LETTERS Vol.44 No.7 2018

Since 2008 the star was getting brighter in the J, H,
K, and L bands with the J — H and J — K colors in-
creasing, while from 2015 there appeared a tendency
for the star to get fainter in all the filters and for the
J — H and J — K colors to decrease. In the 1—5 um
wavelength range no IR excess was detected for the
star, so the energy emitted in this range is attributed
entirely to the stellar photosphere and determined by
its parameters.

Figure 7 shows the color-color diagram for
V1427 Aql with the annual mean UBV magnitudes
used for the interval 1990—2017. As is apparent
from the figure, the star was getting bluer in 1990—
2002, and then a systematic reddening began. The
fastest change in color occurred recently in 2013—
2017.  During this interval, the seasonal mean
colors increased significantly, by A(U — B) ~ 073
and A(B — V) ~ 0m2. As we reported in Arkhipova
et al. (2009), the long-term trend in colors coincides
with the B —V and U — B colors change in case of
pulsations. That is why we consider that the main
cause of the long-term trend in colors is the change
of the stellar temperature: growth from 1990 till 2002
and then systematic decline towards 2017.
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Figure 8 shows the color-magnitude relations
based on the seasonal average optical and IR magni-
tudes for V1427 Aql. The star moves similarly in both
diagrams. After the first observations of V1427 Aqglin
1987—1988, the star appeared to show a monotonic
decrease in the V and J brightness along with getting
bluer that has turned to brightening and reddening
in recent years. The long-term trend in brightness
and colors reflects the change in temperature and
luminosity of the star photosphere. In Fig. 8 the red-
dening trajectory for the total and selective interstellar
extinction laws Ay =3.1x E(B—-V) and A; =
1.50 x E(J — K) adopted from Koornneef (1983)
is shown with arrows. Even if the circumstellar
extinction changed, the difference was not larger than
AE(B —V) = 0m02.

Spectral Variability of V1427 Aql in 1994—2017

Our spectral observations of V1427 Aql obtained
in 1994—2008 were discussed in Arkhipova et al.
(2009). In that work, we estimated the temperature

ASTRONOMY LETTERS Vol.44 No.7 2018
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Fig. 9. The continuum normalized spectra for V1427 Agl obtained on June 7, 2008, and on July 27, 2016. The upper spectrum

is plotted with a vertical shift of 0.5.

and spectral class of the star having compared it with
other objects, and also reported about the Ha line
variability. We did not find other changes in spectrum
during the mentioned interval.

We did not obtain spectra for the star from 2009
till 2015, recommenced observing V1427 Aql in May
2016 and continued until October 2017 (see Table 3).

Analyzing new observational data we found out

ASTRONOMY LETTERS Vol.44 No.7 2018

that the spectrum of V1427 Aql had changed a lot
between the 1994—2008 interval and the year 2016.
Figure 9 shows the continuum normalized spectra for

V1427 Aql in the A4200—9000 A wavelength range
obtained on June 7, 2008, and July 27, 2016. The
spectral lines to look at are marked in the plot. The
Ball lines are seen to have got deeper irom 2008 to
2016, the absorptions related to the Call IR-triplet
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Table 4. Equivalent widths for V1427 Aql and the star effective temperature estimates

Date JD EW, A

2400000 Ha |Fell(6516) | Ball(6497) | Ball(5854)| O 1(7774) | P12 | P14 | P17 | CaT | T, K
September 12, 1994 | 49608 | — - - - 2.9 20124 | 1.5]|12.5]| 6835
August 30, 1996 50326 | — - - - 3.0 1.8 28] 1.3|13.6]| 6720
August 3, 1998 51029 |1.90 0.70 1.40 0.60 2.9 el I IR -
August 7, 1999 51398 |1.97 0.86 1.11 0.29 2.9 20125 |1.6|13.6| 6766
September 9, 1999 | 51442 |1.79 0.81 0.93 0.40 - 23123 | 1.7]12.8]| 6893
July 25, 2000 51751 |1.10 0.68 1.20 0.46 - - =1 -1 - -
October 11, 2001 52194 | 1.10 0.63 1.50 0.33 - - =1 -1 - -
July 2, 2003 52823 |0.70 0.82 1.50 - - - =1 =1 - -
August 9, 2005 53592 |1.40 0.78 1.40 - - el I IR -
August 30, 2006 53978 |1.40 0.78 1.50 0.31 - el I IR -
July 6, 2008 54654 | 1.70 0.84 1.30 0.24 2.6 20126 |1.6|13.9| 6759
August 1, 2008 54680 |1.70 0.69 1.21 0.18 - - =1 -1 - -
May 7,2016 57516 | 1.77 0.48 1.68 0.74 2.2 1.2 1.8]1.2]19.3]| 5850
June 5, 2016 57545 |1.88 0.79 1.93 0.60 2.3 1.8120]12|185]| 6124
June 8, 2016 57548 |1.80 0.62 1.76 0.84 2.4 14119 1.1]19.2] 5922
July 27,2016 57597 |1.58 0.63 1.82 0.80 2.2 1.7 {2.0] 1.1 |18.3] 6080
October 25, 2016 57687 |1.67 0.57 1.67 0.58 2.4 1.9120] 1.0 18.7] 6100
June 27,2017 57932 |1.90 0.91 2.15 0.56 2.6 1.8 1.5 | 1.1 |19.2] 5920
June 30, 2017 57935 | 1.79 0.90 2.08 0.54 2.5 1.8 1.5 | 1.1 |18.4] 5924
October 16,2017 58043 | 1.58 0.83 2.08 0.77 2.5 1.7120]09|19.2]| 5975

strengthened. Besides, the O triplet at \7771-4 A
and Paschen lines weakened, the G-band to H~ line
relation changed.

For the quantitative analysis, we measured the
equivalent widths EW of several absorptions, namely
Ha, Ball A5857, 6497, Fell A6516, the OT A7771-
4 triplet, P12, P14, and P17 hydrogen lines, the
Call triplet (CaT = 8498 4 A8542 + \8662), using
the spectra from Arkhipova et al. (2009) and those
obtained in 2016 and 2017 and here present them
in Table 4. It is worth mentioning that due to the
given spectral resolution the Ca Il triplet components

were severely blended with the P13, P15, and P16
hydrogen lines. The estimated error was about 10%.

Figure 10 shows the evolution of the equivalent
widths of several lines.

In our spectra, the Ha equivalent width varies

more than twice from 0.7 to 1.97 A. High-resolution
spectra demonstrate that Ha has a complicated pro-
file with varying emission components on the blue and
red sides and with the absorption feature undergo-
ing significant changes in width and radial velocity
(Tamura and Takeuti 1991; Zacs et al. 1996; Kipper
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Fig. 10. Plot showing evolution of the absorption line equivalent widths for V1427 Aql.

2008; Sahin et al. 2016). As stated in Klochkova
(2014), mass loss rate, stellar wind velocity, kine-
matics and optical depth of the circumstellar matter
are the principal factors that determine the shape and
variability of the Ha profile for the far evolved stars
surrounded by spatially extended envelopes.

We can not measure the O I A7771-4 triplet com-
ponents separately. The O1 blend equivalent width

was estimated to be 2.9+ 0.1 A in 1994—1999 (an
average value), 2.57 £ 0.30 A in 2008, and by 2016

it decreased to 2.33 4 0.10 A. Inoliterature we could
find few EW(O1) estimates: 2.6 A (Reddy and Hriv-

nak 1999), 2.9 A (Pooley 2003), 3.0 A (Sanchez
Contreras et al. 2008)—derived from high-resolution
spectra obtained on October 15—16, 1997, May 7,
1999, and June 2, 2003, respectively.

The oxygen triplet is a good indicator of luminosity
for A—G supergiants. As has been pointed out re-
peatedly, V1427 Aqgl has an extremely high EW(OT)
value that leads to an absolute magnitude estimate
of My ~ —8m0 £ 0.1 (Reddy and Hrivnak 1999). It
should be kept in mind, however, that the O triplet
strength also depends on the star effective tempera-
ture (Kovtyukh et al. 2012). For example, Pereira and
Miranda (2007) demonstrate the EW(O I)-spectral

ASTRONOMY LETTERS Vol.44 No.7 2018

class and EW (O I)-luminosity class relations show-
ing that EW(O1) takes its maximum value for FO su-
pergiants and monotonically decreases for later spec-
tral classes. Thus we may assume that the O I triplet
weakening detected in the V1427 Aql spectrum im-
plies the decreasing of stellar temperature since 2008
till 2016.

As could be seen in Table 4, the equivalent
widths of Paschen lines in the V1427 Aql spectrum
slightly decreased by 2016—2017, while the Call
triplet absorptions got stronger. The total equivalent
width of three lines constituting the Call triplet was

EW(CaT) =12.9 4 0.9 A in the 1994—2008 interval

whereas it grew to EW(CaT)=18.8 +0.4 A by
2016—2017.

SPECTRAL CLASS AND EVOLUTION
OF STELLAR PARAMETERS

The spectral class for V1427 Aql was determined
more than once. The HD catalog gives the G5
class. The star was classified as Gla (Bidelman
1981), G5la (Buscombe 1984), G40-1a (Keenan and
McNeil 1989), Gb5la (Hrivnak et al.  1989), F8I
(Volk and Kwok 1989), F8/GOla (Houk and Swift
1999) in the eighties-nineties of the last century. The
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spectroscopic atlas of post-AGB stars and related
objects (Suarez et al. 20006) classifies V1427 Aql as
an F71 star basing on the spectra obtained in June
1995. So, there is a discrepancy in the star spectral
classification in literature. It is not clear whether it
is due to the real change of spectral class or resulted
from the application of different classification criteria
to a peculiar star spectrum.

There were several studies that attempted to eval-
uate the atmospheric parameters for V1427 Aql ap-
plying the high-resolution spectra analysis. Zacs
et al. (1996) got T.5 = 6800 K, Reddy and Hriv-
nak (1999) found the T value equal to 6750 K,
Thévenin et al. (2000) derived T.5 = 5660 K. Kipper
et al. (2008) estimated the effective temperature to
be 6750 4+ 200 K. Sahin et al. (2016) basing on their
observational data obtained in the 2008-2013 interval
derived some of the stellar parameters including those
determined earlier by other researchers. In Sahin
et al. (2016) the effective temperature was found
higher than previously, T = 7350 £ 200 K, and no
systematic change of temperature was detected from
1992 till 2008. Such a high T value leads to about
FO spectral class in the calibration of Straizys (1977).

Reddy and Hrivnak (1999) pointed out the dif-
ference for V1427 Aql between the spectral class
derived from low-resolution spectra and the effective
temperature yielded by the model atmospheres anal-
ysis operating on high-resolution spectra. New Ty
estimate presented by Sahin et al. (2016) exacerbates
this discrepancy.

We estimated the effective temperature and spec-
tral class for V1427 Aql using our low-resolution

spectra. Table 4 lists the Ty values derived from
the empirical relations between the ratio of Call IR-
triplet lines equivalent widths to those of hydrogen
Paschen lines (P12, P14, and P17) and the effec-
tive temperature (Eq. (1) from Mantegazza (1991)).
Our observational data yield an average T value of
6870 £+ 180 K for the 1994—2008 interval. The tem-
perature decreased to To = 5990 4+ 100 K by 2016—
2017. According to the Straizys (1977) calibration for
supergiants, these temperatures correspond to F2—
F5 spectral classes in 1994—2008 and about F8 in
2016—2017.

A grid of stellar parameters as a function of CaT*
and PaT created from the Cenarro et al. (2002) study
is adduced in a paper that aims to search for yel-
low supergiants in the M33 galaxy (Kourniotis et al.
2017). The PaT index is equal to the sum of P12, P14,
and P17 equivalent widths, whereas the CaT* index
(Cenarro et al. 2001) measures the equivalent width
of the integrated Call triplet corrected for the con-
tamination from the adjacent Paschen lines: CaTx* =
CaT —0.93 x PaT. Ii to plot our measurements for
V1427 Aql in the PaT—CaT* plane, two states can
be distinguished for the star: the one with larger
values of Ty and log g observed in 1994—2008 and
the other with smaller values taking place in 2016—
2017 (Fig. 11).

We also estimated T.j from our photometric data.
For this purpose the annual average B — V' color val-
ues corrected for interstellar reddening with E(B —
V) =077 were converted to T according to the
(B — V)—Tg relation for normal supergiants from
Flower (1996). Besides, we calculated T.; using

ASTRONOMY LETTERS Vol.44 No.7 2018
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the (V — K)—T relation from Bessel et al. (1998).
Fig. 12 shows the temporary temperature change.
T.i displays a clear tendency to increase since the
first observations in 1990 (~5500 K) reaching the
maximum value (~6000 K) in the 2001—2003 interval
and to decrease later on to ~5300 K. What provokes
concern is that the estimates derived from optical
observations start to diverge from those yielded by
near-1R data (K magnitudes) after the year 2014.

The effective temperature estimated from the op-
tical and near-IR photometry is slightly lower than
that derived from spectral observations. This differ-
ence may be due to the fact that the “photometric”
temperature should reflect the state of the so-called
"pseudo-photosphere,” i.e., of the continuum forming
region in the stellar wind, whereas the “spectral”
temperature refers to the absorption forming zone.
The difference may also relate to the possible un-
derestimate of interstellar reddening. If E(B — V) =
1m0 is adopted for the object, the “photometric” and
“spectral” temperatures will converge. We should say
that interstellar extinction for HD 179821 has been
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determined more than once and the Ay value given
by different authors varies from 17 to 4™ (Pottasch
and Parthasarathy 1988; Reddy and Hrivnak 1999;
Arkhipova et al. 2001; Arkhipova et al. 2009).

We have also measured the annual average bolo-
metric brightness for V1427 Agl mpe =V — A(V) +
BC(V) and mp, = K — A(K) + BC(K) using the
BC(V) and BC(K) bolometric corrections from
Bessel et al. (1998) and adopting A(V) = 3.1 x
E(B—V)and A(K) =0.28 x E(B — V) according
to Koornneef (1983). The upper panel of Fig. 12
displays the change of my, with time. The bolo-
metric magnitude varies over a range of 0™3 that
corresponds to a ~30% change in luminosity.

Photometric data evidence that the photosphere
temperature decreased by ~400 K between 2008 and
2016, the luminosity grew by ~19%, and the ra-
dius increased by ~24% according to the Stefan-
Boltzmann law.
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DISCUSSION

Owing to the multi-year photometric monitoring
of V1427 Aql, we conclude that the star displays
a semi-periodic variation and a long-term trend in
brightness and color as well. Spectral and photomet-
ric data make it evident that the stellar parameters
have changed in a short time.

Let us try to explain these changes with some
assumptions made about the object’s nature.

The star has already passed through a consid-
erable part of its evolution that is implied by the
presence of an expanded nearly spherical gas-dust
circumstellar envelope. V1427 Aql has a dual-peak
energy distribution in the AA0.4—100 pm wavelength
range that is characteristic of post-AGB objects
(Pottasch and Parthasarathy 1988; Hrivnak et al.
1989). The structures that provide the primary
input into the energy emitted by the system are the
stellar photosphere and the cool dust envelope with a
temperature of T; = 128 K (Odenwald 1986).

According to theoretical simulations, the stars
with low and intermediate masses having left the
Asymptotic Giant Branch (AGB) continue to evolve
to higher temperatures with the luminosity staying
at a constant level. New photometric and spectral
data for V1427 Aql demonstrate that in recent years
a rapid cooling of photosphere has occurred, the star
luminosity has grown, and the timescale of semi-
periodic variation has increased, and all this does not
agree with a model track for a post-AGB object.

A compelling argument for the post-AGB nature
of V1427 Aql consists in a specific abundance pattern
derived in Zacs et al. (1996), Reddy and Hrivnak
(1999), Thévenin et al. (2000), Kipper (2008). The
authors found overabundances of carbon, oxygen,
nitrogen, and s-process elements as compared to
solar element distribution, a pattern that is typical of
post-AGB objects. But the recent study of Sahin et
al. (2016) states that the stellar atmosphere is not
enhanced in s-process elements and that the lumi-
nosity, effective temperature, and surface gravity of
V1427 Aql are those of a massive star evolving to
become a red supergiant and to explode, in time, as
a Supernova II.

Earlier investigations have provided some other

marks that V1427 Aql is a massive object with in-
creased luminosity. For example, the CO envelope

expands with a velocity of Vey, = 33.9 km/s (Zuck-
erman and Dyck) that is noticeably larger than 10—
15 km/s that is typical of post-AGB stars. The
Ol triplet at \7774 A in the V1427 Aql spectrum
is reported to have an equivalent width in the range

of 2.3-3.0 A according to different estimates, and
this value corresponds to an absolute magnitude of

IKONNIKOVA et al.

Mo < —870 and luminosity of L > 10°Ls. Such a
luminosity and the derived temperature place the star
into the region on the Hertzsprung-Russell (HR) di-
agram occupied by yellow hypergiants (YHGs). The
YHG region is bounded on the side of higher temper-
atures by a so-called Yellow Evolutionary Void firstly
proposed and described in Nieuwenhuijzen and de
Jager (1995). Episodes of large-scale mass loss oc-
curring in this phase of evolution make the stars move
from red to blue and vice versa in the HR diagram
more than once keeping the bolometric luminosity
nearly constant. After the star evolves off the RSG
and reaches a temperature of about 7000 K, an ex-
tensive mass loss ensues, the star is surrounded by
a cool photosphere and starts to move to the RSG
region. The envelope turning optically thin, the star
goes to the blue in the HR diagram (Oudmaijer et al.
2009). The photometric behavior is seen to be in line
with this scenario.

We would like to compare V1427 Aql with other
well-studied hypergiants:  p Cas, V509 Cas,
V1302 Agl. All these stars display a significant
variation in the spectrum and stellar parameters.

The most famous object, IRC + 10420
(V1302 Aql), which is a strong IR-source, was found
to have increased effective temperature by ~1000 K
in 20 years since the seventies of the last century
(Oudmaijer et al. 1996) and to have changed its
spectral class from F (Humphreys et al. 1973) to
A5 (Oudmaijer et al. 1996; Klochkova et al. 1997;
Klochkova et al. 2002). The stellar temperature was
reported to increase at a rate of 120 K per year which
caused the star to approach the Wolf-Rayet phase
(Klochkova et al. 2002; Humphreys et al. 2002).
Continuing to monitor V1302 Aqgl in 2001-2014
Klochkova et al. (2016) conclude that the hypergiant
has entered the phase, during which the effective
temperature growth slows down (or ceases), and it
is located close to the high-temperature boundary of
the Yellow Void in the HR diagram.

p Cas, a prototype of YHGs, displayed a significant
variation in brightness and spectrum but of another
kind than V1302 Aql (Halbedel 1991). The star is
known to have experienced three episodes of exten-
sive mass loss during the last 100 years: in 1945—
1947, in 1985—1986, and in 2000—2001, the latter
was described in detail in Lobel et al. (2003). From
the June to September of 2000 the star brightness de-
creased by nearly 17, and the star got out of minimum
by the April of 2001. The TiO bands appeared in the
spectrum in the summer of 2000; the spectral mod-
eling revealed that the temperature had decreased by
at least 3000 K, and the mass loss rate during that

episode was estimated to be M ~ 5.4 x 1072 M.
The star is considered to lose mass extremely rapidly
in the course of the so-called "shell episodes” and

ASTRONOMY LETTERS Vol.44 No.7 2018
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to appear wrapped for several hundreds of days in a
pseudo-photosphere formed by ejected cool matter.
Klochkova et al. (2014) have studied in detail the
optical spectrum and have described kinematic prop-
erties of the expanded stellar atmosphere.

The photometric history was monitored for
V509 Cas for a hundred and fifty years (Zsoldos
1986a; Percy and Zsoldos 1992; Halbedel 1993;
Nieuwenhuijzen et al. 2012). V509 Cas was observed
to change brightness and color monotonically (Percy
and Zsoldos 1992; Nieuwenhuijzen et al. 2012).
Nieuwenhuijzen et al.  (2012) showed that the
effective temperature, log g, radius, and luminosity
of the star had changed a lot with time. The logg
and turbulent velocity &; variation argues that the
star has undergone a series of subsequent gas out-
flows. During every outflow, the pseudo-photosphere
happens to have smaller log g and larger &. After
the expelled envelope is dispersed into space and the
stellar atmosphere is adjusted, a more compact and
hot atmosphere is seen.

Let us consider the pulsation activity of the stars
above-mentioned.

There is no data evidencing the periodic light vari-
ation for V1302 Aql; the star shows only monotonic
long-term trends in brightness.

V509 Cas displays semi-periodic variation with a

period of ~400% and an amplitude up to 0m2 (Zsoldos
1986b). Percy and Zsoldos (1992) found three peaks

in the frequency spectrum at P = 20343, 29992, and

38594 and a tendency for the fundamental mode am-
plitude to decrease along with the B — V color getting
bluer.

The variable star p Cas, apart from dimming by
more than 1™ as described above, shows a semi-
periodic variation with smaller amplitude. Arellano
Ferro (1985), based on 1964—1981 observations,

found a period of 48395.

The object under study, V1427 Aql, displayed a
semi-periodic brightness variation with periods in the
range 170—200 and with the timescale and the am-
plitude of the oscillation increasing in recent years.
The star undergoes a temperature variation as well as
brightness change with no apparent change of color.

Fadeev (2011) in his paper devoted to the simula-
tions of yellow hypergiants pulsational instability has
referred to V1427 Aql as to an object that can not be
a hypergiant because of its too long variation period
that is larger than the uppermost value predicted by
the radial pulsation theory for a yellow hypergiant,
on the one hand, and because of its average effective
temperature T, = 6750 K (Kipper 2008) correspond-
ing to the region of pulsational stability, on the other.
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On this basis, the author suggests that V1427 Aql is
a post-AGB object.

However, it should be noted that oscillation peri-
ods for known post-AGB stars in the range of spec-

tral classes from FO to G5 are not larger than 150¢
(Arkhipova et al. 2003; Arkhipova et al. 2010;
Hrivnak et al. 2010; Hrivnak et al. 2015). Besides,
the true hypergiants p Cas and V509 Cas vary with

periods >200¢ having temperatures T.; for which
radial pulsations are forbidden by theory. Arellano
Ferro (1985) suggested that p Cas and V509 Cas
are non-radial pulsators. The same mechanism may
appear responsible for the semi-periodic variation of
V1427 Aql.

So, analyzing the photometric and spectral vari-
ability of V1427 Aql showed that the star’s behavior
is similar to that of yellow hypergiants located near
the very unstable Yellow Void and differs significantly
from ordinary post-AGB objects.

CONCLUSION

New photometry and spectra obtained for the yel-
low hypergiant with a gas-dust envelope, V1427 Aql,
and their comparison with archival data lead us to the
following results.

(1) Variation periods P = 170 and 1419 (or P =
217%) were found on the basis of U BV observations in
2009—2011. It is shown that oscillations became less
regular after 2011, the characteristic time of bright-
ness variation increased to 2609 in 2012—2014, and
to 370% in the 2015—2017 interval.

(2) The annual average brightness was found to
gradually increase in 2009—2015 in the V, J, K fil-
ters, and to decrease in U and B. The annual average
U—-B,B-V,J— K colors were growing (the star
was getting redder). The near-IR brightness stopped
increasing in 2016—2017, and V1427 Aql showed
a tendency to get bluer, whereas it kept on getting
redder in the optical.

(3) The long-term trend in colors was proved to
reflect the change of photosphere temperature, in-
creasing since 1990 till 2002 and then systematically
decreasing. Long-term variation of the bolometric
magnitude does not agree with the assumption of
quick evolution at constant luminosity but seems to
be related to mass loss episodes that result in the ex-
panded stellar envelope getting optically thicker and
the continuum spectrum originating in more outer
and cool layers.

(4) The comparison of the 2016—2017 spectral
data for V1427 Aql with those obtained in 1994—
2008 revealed the strengthening of Ba Il and Ca Il [R-
triplet absorptions and the weakening of O1 triplet
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blend. These changes are supposed to be due to the

de
ab

sp

creasing of temperature in the region where the
sorptions are formed.

[t is very important to continue photometric and
ectral observations of the object that changes so

quickly. It is highly recommended to carry out both
photometric and spectral monitoring of the star with
no durable gaps.
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