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SPECTRAL PROPERTIES OF THE STAR HD
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In this work, the results of homogeneous spectral observations of HD 141569
of the Herbig Ae type star conducted at the Shamakhy Astrophysical Obser-
vatory in 2017-2018 are presented. It was shown for the first time that the
spectrophotometric parameters of emission lines show both short-term (days)
and long-term (years) variations. The reason for the variability in the emission
spectrum in the optical range can be explained by the stellar wind and disk
accretion. Based on the obtained spectral characteristics, it is shown that the
star belongs to the class of 8 Pic-type fragmented protoplanetary debris disk
stars.
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1. INTRODUCTION

The formation and evolution of young stellar protoplanetary disks is closely
related to the processes of planet formation. The physical properties of the outer
parts of such discs have been studied in recent years in scattered light images
taken with large telescopes [1| and at the ALMA complex of sub-millimetre radio
telescope [2]. These studies have shown that the sizes of rings, gaps, and asym-
metric structures in disks reach several hundred au [3,4]. In the inner layers, signs
of gas accretion, stellar wind, matter flow and dust sublimation are visible. All
these processes lead to the formation of planets at a distance of a few au and their
migration over millions of years. All these processes can be indirectly studied by
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spectral observations. Although a statistically large number of young stellar discs
have been studied so far, it is very important to continue research in this direc-
tion. For example, unusual systems such as HD141569 due to their evolutionary
sequence warrant further study. The mechanism of formation of hydrogen lines
in the star-disk system in this star remains unclear.

The spectral class of Herbig AeBe type star HD141569 is classified as B9-A0
[5], temperature 9750+250 K, age 7.2+£0.02Myr, luminosity 16.6+1.07L¢, |6] and
27.0+£3.6L¢ [7], with a mass of 2.14 + 0.01 M, and a Gaia distance of 110 £ 1pc
[8]. The star has a nonigniting disk system, shows a weak emission excess in
the near-IR region, and is classified as type II according to the spectral energy
distribution (SED) curve [9]. According to the results obtained in recent years,
the protoplanetary disc formed around the star has a very complex structure and
consists of separate arms distributed at different distances [10,/11]. At the same
time, there is very little information about the internal structure of the disk. The
study of the SED curve shows that the energy distribution in the near-IR region
can be attributed to a normal photosphere, while the outer parts of the disk are
already fragmented and the process of planet formation is proceeding rapidly [12].
An evolution scheme based on the amount of IR excess is proposed and this star
is shown to be close to 5 Pic and « Lyr type [13].

Peristellar gas is observed in both atomic and molecular form, indicating that
the disc has not yet reached the gas-rich fragmented disc stage. [14] and [15]
showed that hydrogen lines do not show short-term variability.

Gahm et al. [16] showed that the Ha and HfS lines in the spectrum of
HD141569 show an emission profile, only the Hd line is relatively clean. Ac-
cording to the initial classification criteria of Herbig [17], HAeBe stars are closely
associated with gas-dust nebulae, with hydrogen lines showing a strong emission
profile. Later, The et al. [18] added to these criteria the presence of emission
excess in the near and far IR region. HD141569 shows an emission excess in
the 12 — 100pm range, but it is not associated with any bright nebula. In 1938
Rossiger |19] proposed the star HD141569 as a potential triple system. The sec-
ond component B is 7.5arcsec from the center A, and the third component C
is 1.barcsec. Gahm et al. |16] assigned the spectral class of the component as
GOV, and Lindroos [20] assumed it to be a background star based on photometric
color and brightness. However, Gahm et al. [16] attributed it to young stars due
to the presence of H, KCall and HS emission lines in this component, which are
attributed to young stars. Also, an interesting point is that the projection of the
disk of the component A onto the line AB is about halfway along the line. The
study of the spectrum of this three-fold system in the visual field can allow us to
make an opinion about the dynamics of the system.
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Based on photometric and spectral observations, Weinberger et al. [21] showed
that HD141569 forms a triple system. The spectral classes of D and C compo-
nents are assigned as M2 and M4, respectively. A characteristic Ha emission line
and TiO bands were observed in the spectra of both components.

In this work, the results of spectral observations of the HD141569 star at the
Shamakhi Astrophysical Observatory in 2017-2018 are given.

2. OBSERVATION MATERIAL

Observations in 2017-2018 carried out using the ShAO Fiber-Echelle Spectro-
graph (ShAFES), developed jointly by specialists from ShAO and SAO. A detailed
description of the technical characteristics of this spectrograph is given in [22]. A
CCD STA4150A (USA) with a size of 4096 x 4096 px, with a pixel size of 15 pum,
was used. The CCD cooled to a temperature of —120°C using liquid nitrogen.
Spectral range A3700 — 8000. Observations were performed with a combination of
2 x 2 pixels (binning), which allows to obtain a spectral resolution of R = 28000.

As mentioned above, HD141569 is a dense triple system, with the B compo-
nent 7.5 arcsec and the C component 1.5 arcsec from the central star. It was not
possible to observe the components individually for two reasons: a) the bright-
ness of the central component A is 6.88 mag in the J band, the brightness of
the component B is 9.2mag, and the brightness of the component C is 10.16mag
[21], b) the size of the image during the observation is 2 — 4 arcsec, as a result
of which the components cannot be distinguished in the image taken in the slit
plane of the spectrograph. Therefore, although the received spectra have a share
of emission from other components included in the triplet, the main emission is
from the brighter component A.

A total of 8 pairs of spectra were obtained during the indicated period. The
resulting pair of spectra were averaged for each night and subjected to the neces-
sary processing at all initial stages. The acquired spectra were transferred to
%.200 vector format and measurements were made. All processing and mea-
surement procedures were performed in the DECH package (Galazutdinov G.,
http://www.gazinur.com/DECH-software.html ). Table |l provides basic infor-
mation about the observation. In Table [1, columns from left to right show date
of observation, Julian date, identification number of night-averaged spectrum,
signal-to-noise ratio, universal time UT, and exposition time in seconds.

In each observation, the spectra of the object and standard stars were ob-
tained. The errors obtained in the measurements are 4-5% in equivalent widths
and 0.5% in intensities. In radial velocities it is 1.0 km/s. In this work, 2 pairs
of spectra of the star obtained in 2017 and 6 pairs obtained in 2018 were studied.
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Table 1. Journal of spectral observations of the star HD141569.

Observation dates D Mr S/N| UT |Exp. time
2450000+
20.05 .2017 7894.371 |KF1011-12| 100 |20:54| 3000
06.06 .2017 7911.2305 | KF1046-47| 100 |17 :32| 2400
02.05 .2018 8240.5472 | KF2245 | 100 |01:08| 2400
22.05 .2018 8260.5833 | KF2395-96| 100 [02:00| 2400
25.05 .2018 8264.2451 |KF2447-48 | 100 |17 :53| 2400
06.06 .2018 8276.2417 | KF2457-58 | 100 |17:48| 2400
07.06 .2018 8277.2256 | KF2880-81| 100 [17:25| 2400
27.06 .2018 8297.2312 | KF2644-45| 100 |17 :33 2400

3. HYDROGEN LINES-Ha.

The measured spectrophotometric parameters of the Ha line are also given in
Table [2] consists of two parts. In the first part, from left to right, JD dates, the
equivalent width of the blue absorption component EWal, the equivalent width
of the emission component EWe, the equivalent width in the red wing absorption
EWa2, and the intensities of the blue absorption, blue emission, red emission, and
red wing absorption components, respectively, lal, Iel, le2, Ia2 are given. In the
second part of table [2] the half-width FWHM of the emission component, the ra-
diative velocities of the blue emission peak (RV1p), the red emission peak (RV2p),
the bisector velocity (RVbis) and the central absorption of emission component
radial velocities (RV_Ca) are given for the same JD dates. Figure|l|shows one of
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Fig. 1. Profiles of the lines Ha (left) and H3 (right).

the typical profiles of the Ha line. As can be seen, the broad wings belonging to
the AOV photosphere line and the emission component with a two-peak emission
profile in the center of the line are clearly distinguished. In the profiles taken
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Table 2. Obtained spectral parameters of selected components in the line Ha.

Date |EWal (A)|EWe (A)|EWa2 (A)| Ial lel | Ie2 | Ia2
20.05 .2017 2.01 2.64 1.3 0.18 | -0.47 [-0.160.39
06.06 .2017 2.6 1.85 1.93 0.25 | -0.36 [-0.25|0.34
02.05 .2018 2.04 3.35 1.38 0.26 | -0.58 [-0.220.55
22.05 .2018 2.58 2.45 1.59 0.24 | -0.44 [-0.35/0.21
25.05 .2018 1.91 2.7 1.08 0.3 -0.5 |-0.39]0.26
06.06 .2018 2.13 2.88 0.98 0.23 | -0.5 [-0.45| 0.2
07.06 .2018 1.78 3.04 1.01 0.26 | -0.49 |-0.440.23
27.06 .2018 3.23 2.65 1.39 0.28 | -0.44 [-0.41|0.24

RVip RV2p RVbis | RV Ca

Date FWHM (A)| (km/h) (km/h) | (km/h) | (km/h)
20.05 .2017 8.21 -130 118 -4.11 | 161
06.06 .2017 8.15 -134 122 6.91 | -2.11
02.05 .2018 8.27 -124 103 -0.76 | -11.98
22.05 .2018 8.08 -129 119 0.54 | -7.38
25.05 .2018 8.13 -137 107 -4.03 | -15.7
06.06 .2018 8.3 -130 112 -1.58 | -1.58
07.06 .2018 8.61 -125 133 3 8.61
27.06 .2018 8.34 -122 135 0.32 | 3.37

on different nights, the radial velocity and intensities of the components show
obvious variations. At the same time, the materials obtained in 2017 and 2018
show that changes have occurred in the spectrum for a long time.

4. H3 LINE

In the Hp line profile, unlike Hay, the emission components are sharply weaker
(Fig. [1} right panel). Therefore, it was not possible to measure the parameters of
the emission components. Table [3|lists the parameters of the absorption profile of
the HB line. Both the line profile and the smaller equivalent width compared to
normal AQV stars indicate that the inner part of the line is distorted by the emis-
sion component. Table 3| shows that the bisector velocity of the Hf line changed
significantly in 2017 and 2018.
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Table 3. Selected parameters of the line Hf.

Date |EWa (A)| Ie |[FWHM( A)|RVp (km/h) | Rxbis (km/h)
20.05 .2017| 876 |0.51| 16.15 1.05 -6.21
06.06 .2017| 8.29 [0.51| 15.63 0.46 -9.41
02.05 .2018 | 10.42 |0.58 16.4 -13.33 -11.09
22.05.2018| 9.4 052 17.21 -7.57 -17.66
25.05 .2018 | 8.87 |0.53| 18.17 7.67 4.71
06.06 .2018| 8.73 |0.51| 16.71 -8.43 -16.23
07.06 .2018| 8.4 [0.51| 15.53 4.95 4.95
27.06 .2018| 819 |05 15.49 2.36 13.67

5. H~-He LINES.

The emission component is completely absent in the profiles of the Hy and
subsequent Hé and He lines of the star. Figure[2]shows the Hy and He line profiles
as examples. No significant changes in profiles were detected during the observa-
tion period. Some selected parameters of the indicated lines were measured and
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Fig. 2. Profiles of the lines H~y (left) and He (right).

listed in Tables M and Bl

6. HEI AND D NAI LINES.

Table[6] the results of selected parameters of the lines Hel 5876. Designers of
parameters the same as in other tables.

In the table designed of parametrs is the same as in other tables. In the table
we see that relation of the the equivalent widts of lines D2/D1 is equal nearly
3:1. It is mean that this lines is formed in steallar atmosphere which normal
termodinamic condition.
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Table 4. Selected parameters of the line H~y .
Date EWa ( A) I FWHM RVp R V bis
(A) | (km/h) | (km/h)
20.05 .2017 5.93 0.5 10.76 -6.87 -27.49
06.06 .2017 6.4 0.5 11.43 -2.44 -15.34
02.05 .2018 7.9 0.59| 11.77 -25.9 -12.53
22.05 .2018 7.03 0.52| 11.64 -14.33 -25.68
25.05 .2018 6.47 0.51] 12.45 -15.22 -24.6
06.06 .2018 7.1 0.53| 11.59 -22.17 -34.88
07.06 .2018 6.27 0.5 10.83 -1.38 -4.88
27.06 .2018 7.88 0.53| 13.09 -10.59 -14.18
Table 5. Selected parameters of the line He .
Date |EWa (A)| Ie |FWHM (A)| VP | RVbis
(km/h) | (km/h)
20.05 .2017 6.7 0.56 10.42 4.53 -21.34
06.06 .2017 7.26 0.6 10.81 2.79 -21.42
02.05 .2018 7.04 0.57 11.03 4.8 2.24
22.05 .2018 7.11 0.6 10.67 -2.51 -2.51
25.05 .2018 7.49 0.62 11.04 -2.93 -32.76
06.06 .2018 7.81 0.61 11.44 -1.24 11.79
07.06 .2018 8.01 0.62 11.38 3.54 -15.75
27.06 .2018 8.26 0.6 12 4.92 1.29
Table 6. Parameters of the line Hel 5876.
Date EW | Ie | FWHM | Rvp | Rxbis
20.05 .2017 1 0.04 | 0.04 | 0.94 28.76 | 27.16
06.06 .2017 [ 0.13 | 0.07 | 1.45 20.67 | 13.26
02.05 .2018 [ 0.29 | 0.07 | 4.85 10.52 | 10.52
22.05 .2018 | 0.2 [ 0.04 | 2.47 |-12.77| 33.29
25.05 .2018 | 0.19 | 0.06 4.21 -7.28 | 8.99
06.06 .2018 | 0.05 | 0.03 | 1.13 -9.5 6.24
07.06 .2018 [ 0.29 | 0.08 | 4.54 |-21.66| -1.88
27.06 .2018 | 0.05 | 0.02 1.16 |-21.57|-25.21

49



H. N. Adigozalzade AJAz: 2023, 18(2), 43-53

06.07.2018

09 -

038 -

Normalized Flux

07 | -

06 1 L 1
-1000 -500 0 500 1000

Velocity (km/s)

Fig. 3. Profiles of the lines D1, D2 Nal

Table 7. Selected parameters D1, D2 Nal lines
Date (D2) |[EWa| I |FWHM/| RVp |RVbis
20.05 .2017| 0.18 |0.35| 0.43 |-14.84|-14.84
06.06 .2017| 0.32 |0.39| 0.56 |-14.39|-14.39
02.05 .2018 | 0.72 |0.45| 1.44 |-13.05(-13.05
22.05 .2018| 0.28 |0.37| 0.44 |-16.47|-16.47
25.05 .2018 | 0.43 | 0.4 0.53 |-14.49|-14.49
06.06 .2018 | 0.49 |0.33| 0.47 |-15.59(-15.59
07.06 .2018 | 1.54 |0.34| 0.48 |-13.34|-14.46
27.06 .2018| 0.5 |0.33| 0.48 |-13.13]-13.13
Date(D1) |[EWa| I |FWHM| RVp |RVbis
20.05 .2017| 0.11 |0.26| 0.36 |-14.14|-14.14
06.06 .2017| 0.13 [0.28| 0.45 |-13.03|-13.03

7. GENERAL SPECTRAL CHANGES

The emission components observed in the Ha line are symmetrically redshifted
from the center of the line by about 120 + 10 km/s, respectively. The central in-
tensities of both components show little variation (Table . Figure {4] shows the
graphs of the total equivalent width of the Ha emission line and the bisector ra-
dial velocity over time during the year 2018 . As can be seen from the graphs, the
equivalent width of the emission line varies around the average value of 2.6 with
a deviation of approximately 1. The bisector radial velocity varies around the
mean value of 0 with a deviation of +3 km/s. Steinmetz et al. [23] +3.5 km/s,
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Gontcharov [24] —6.4 km/s for the velocity of the star’s mass center. As can be
seen, the bisector radial velocity of the emission line is in good agreement with
the velocity of the center of mass. The radial velocities of the other lines also
show small variations around values corresponding to the velocity of the center of

mass.
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Fig. 4. Time variation of Ha emission line equivalent width and bisector radial ve-
locity during 2028.

Figure [f] shows the changes in time of the equivalent widths of the Ho photo-
sphere line, free of the emission component, according to the observations made
in 2027-2028, and the time changes of the radial velocity obtained in 2018. It can
be seen from the figure that in 2017-2018 the equivalent widths show a change
of up to 3. From the right panel of Figure [5] it can be seen that the maximum
change in the bisector radial velocity due to the vary in intensity in the wings of
the HJ line in 2018 alone is 25 km/s. It should be noted that similar variations
in the spectrum of the star are also manifested in other spectral lines.

Figure [l Variation of the equivalent width of the Hd line over time in 2017-
2018 (left panel). The right panel shows the change in the bisector radial velocity
only in 2018.
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Fig. 5. Variation of the equivalent width of the Ho line over time in 2017-2018
(left panel). The right panel shows the change in the bisector radial velocity only in
2018.
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8. DISCUSSION AND CONCLUSIONS

This, the spectrum of the HD141569 star obtained in 2017 and 2018 were
compared and it was shown that certain variations in the spectrophotometric pa-
rameters of the lines were detected during this period. It should be noted that
despite the star’s luminosity being V = Tmag, its optical spectrum has not been
extensively studied. Most of the articles written in a large number are devoted to
the structure of the circumstellar disk and the issues of planet formation in the
disk. Herman and Duval |25] first showed that the H line has a two-peaked emis-
sion and central absorption profile, and the equivalent width of this line varies in
the range of 2 — 5. These authors determined the distance between the peaks to
be 2.5 (114 km/s ). Hubert Delplas and Hubert |26], summarizing the material
obtained over 12 years, showed that the emission lines in the spectrum of this
Be-type star do not varied.

The intensity of the emission component in the Ha line is much stronger than
in other lines of the Balmer series. The emission appears only in a weak form in
the HB line. This means that the Balmer decrement can be maximally overesti-
mated in the radiation from the disk. Such emission can be excited in gases only
by electrons photons and that are not transparent to the Layman series. The
mechanism of the generation of such high-energy particles in the circumstellar
disk requires additional investigation.

The results obtained in this study showed that there are small changes in the
emission spectrum of the star. This may be due to various variations occurring in
the invariant disk, including accretion and stellar wind. The features in its spec-
trum indicate that HD141569 is a young star with a fragmented protoplanetary
debris disk and may belong to the class of 8 Pictype stars.
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