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ABSTRACT

   We observed the symbiotic star AG Dra for a total of 61 nights between April 2004 and December 
2021 using the 1.8-m telescope and the high-resolution Echelle spectrograph BOES at the Bohyunsan 
Optical Astronomy Observatory and obtained 355 frames of spectroscopic data to investigate the variations 
in its spectral lines. Overnight short-term and long-term changes in prominent emission lines are examined. 
No short-term changes are found in the line profiles. However, the peak intensity of the Hα emission line 
exhibits very small variation. In the long-term period, many emission lines including He I λ5875, λ6678, 
λ7065 and Fe II λ5018 are found to vary reflecting the symbiotic outburst activities. It is noted that He 
II λ4686 and Raman-scattered O VI λ6830, λ7088 are exceptions, where no significant variations are 
discernible. One of the noticeable lines is the  λ5018 line. Its appearance and disappearance pattern are 
different from other emission lines, and the line is found to appear in outburst states. The Hα and Hβ 

lines remain very similar in our spectroscopic monitoring campaign. 
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1.  INTRODUCTION

The symbiotic star system is an interacting binary consist-
ing of a cool star (mainly a K- or M-type giant) and a 
hot and dense star usually a white dwarf or main-se-
quence star (Tomov & Tomova, 2002). In addition, an 
ionized nebula is present, and sometimes an attached disk 
as well. The orbital period of a symbiotic star is usually 
between one and three years, and sometimes longer. A 
very important characteristic feature of a symbiotic star is 
that mass transfer occurs from the giant star to the white 
dwarf through gravitational capture of a fraction of the 
slow stellar winds (Skopal, 2008). A symbiotic star ex-
hibits congested, complex, and sometimes sporadic spectra 
and/or spectral variations due to the effects of surrounding 
nebula, attached disk, and the two component stars. Also 
symbiotic stars are classified into S-type and D-type based 
on the characteristics of the corresponding giant star and 
its features. D-type symbiotic stars show significant ther-
mal radiation by dust in the K-band while S-type counter-
parts do not (Seal, 1990). Thus, one may conclude that 
the cool component of an S-type symbiotic star is a nor-
mal giant star, whereas the D-type counterpart is a 

Mira-type variable star (Seal, 1990). A good summary of 
observational properties and theoretical interpretations of 
symbiotic stars can be found in Kenyon‘s well known 
book, The Symbiotic Stars (Kenyon, 1986). For more up-
dated information one is referred to Mikolajewska (2007).
   In this study, we intend to explore the spectroscopic 
properties of AG Dra for which we have relatively a 
large amount and a long observation period of ob-
servational data from our data pool for 15 symbiotic 
stars. AG Dra is a well-studied S-type yellow symbiotic 
star with an orbital period of approximately 550 days 
(Leedjarv et al., 2016; Galis et al., 1999). It has another 
period of 355 days, which is thought to be caused by the 
pulsation of the giant star (Galis et al., 1999). It consists 
of a low metallicity K0-K3 giant and a high-temperature 
white dwarf (Meinunger, 1979; Smith et al., 1996; Fekel 
et al., 2000). The temperature of the giant star is on the 
higher side for typical symbiotic stars (Friedjung, 1997). 
Murset & Schmid (1999) classified the spectral type as 
K2, while Zhu et al. (1999) classified it as K0-K3. In ad-
dition, the spectral type of the infrared region is said to 
have a value of K4-K5 (Kenyon, 1988). The luminosity 
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of the giant star was claimed to be Ib or II by Zhu et 
al. (1999). The temperature of the hot component of AG 
Dra is proposed to be approximately 100,000 K 
(Friedjung, 1997) or 120,000 K (Greiner et al., 1997; 
Schmid & Schild, 1997). AG Dra is also classified as a 
supersoft X-ray source. The radial velocity of AG Dra is 
known to be －140 km/s (Roman, 1953) or －148 km/s, 
indicating that it belongs to the old halo population, 
which is consistent with its high galactic latitude (b = 
41°) (Schmid & Schild, 1997). AG Dra is a very active 
symbiotic star system, as can be judged by outbursts in 
the light curve. Explosions occurred in 1936, 1951, 1966, 
1980, 1994, and 2006. In other words, an explosion oc-
curs every 13 to 15 years, but its cause has not yet been 
identified. The most recent eruptions occurred earlier than 
expected in September 2006 (U = 8.4, B = 9.0, V = 8.7) 
and October 2007 (U = 9.1, B = 9.7, V = 9.0) (Munari 
et al., 2009). The explosions ended in April 2008, 600 
days after the first explosion. It was suggested that ther-
monuclear phenomena or eruptions from the surface of 
the white dwarf are mainly responsible for the explosions 
(Galis et al., 1999; Gonzalez-Riestra et al., 1999; Tomov 
& Tomova, 2002). Kafatos et al. (1993) and 
Gonzalez-Riestra et al. (1999) studied the variations in the 
ultraviolet region which were related to orbital modu-
lation, and performed spectroscopic studies in the optical 
region. Tomov & Tomova (2002) published their analysis 
of the emission lines of hydrogen and helium during the 
active period in 1996-1997. Gonzalez-Riestra et al. (1999) 
and Galis et al. (2019) reported that there are cool and 
hot outbursts for AG Dra. Cool outbursts ocurred several 
times in 1980 and 1994. At this time, the He II Zanstra 
temperature dropped because of an increase in the radius 
of the white dwarf, and hot explosions were caused by an 
increase in the He II Zanstra temperature between 1985 
and 1986. Sokoloski et al. (2001) attempted to elucidate 
the flickering phenomenon by conducting photometric ob-
servations at intervals of every 22 seconds for 3.3 hours 
and every 55 seconds for 4.7 hours without success. 
Leedjarv et al. (2004) noted that the Hα emission line 
profiles appear smooth during an outburst, but become 
complicated to display a double peak structure with weak 
absorption lines overlapping on the blue side when it is 
in a quiescence and orbital phase between 0.30 and 0.67.
   In this study, we performed the high-resolution spec-
troscopic observations to investigate both overnight 
changes in spectral lines in time scales of minutes to 

hours, that is, the rapid spectral variability, and long-term 
changes in spectral lines over months to years for prom-
inent emission lines. The overnight change observations to 
find any changes in a spectral line within a short time 
from several minutes to several tens of minutes, were 
conducted by shortening the exposure time as much as 
possible. These steps could be similar to the determination 
of the flickering phenomenon through photometric 
observations. Flickering is referred to irregular changes in 
brightness that occurs within a short time in cataclysmic 
variables or X-ray binaries, pre-main sequence stars, and 
symbiotic stars. The brightness changes from a magnitude 
of 0.01 to 1 or more over a few seconds to several 
minutes. The flickering phenomenon does not always oc-
cur in association with the accretion disk, but in a broad-
er sense, it is presumed to be related to mass transfer be-
tween the stars (Ribeiro & Diaz, 2008). While the flicker-
ing phenomenon has been observed with photometric 
monitoring of symbiotic stars (Zamanov et al., 2020), to 
our best knowledge, no overnight short-term spectral 
changes have been reported using spectroscopic ob-
servation except for CH Cyg (Mikayilov et al., 2017). 
Therefore, we conducted the short exposure spectroscopic 
observations with the expectation of obtaining the over-
night spectral changes. A successful discovery of over-
night spectral changes would enable us to determine the 
pattern, cause, and mechanism of both the overnight spec-
tral changes and the flickering phenomenon. The 
long-term changes were observed to identify the changes 
in spectral lines by comparing data observed with rela-
tively long exposures of several tens of minutes in a 
night at intervals of several months or years. The aim is 
to identify changes in the spectrum over months and 
years owing to changes in the outburst and quiescence ac-
tivity, orbital phase, and surrounding environment such as 
Roche lobe and accretion disk.
   We present the “Observation” in Section 2, “Analysis 
and Results” in Section 3, “Discussion” in Section 4, and 
“Conclusion” in Section 5.

2.  OBSERVATION

The observations were performed using the Bohyunsan 
Observatory 1.8-m telescope and the high-resolution 
Echelle Spectrograph, BOES. The BOES yields a spectral 
frame at a single shot that has a wavelength coverage of 
λλ3,600 – 10,500 Å with a spectral resolution R = 
30,000 to 90,000 depending on the fiber set employed, 
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with a linear dispersion of ~ 0.0025 Å per pixel. We 
mainly used an optical fiber of diameter 300μm with 
spectral resolution R = 30,000. A 300μm optical fiber 
was more efficient for this study than 80 μm fiber, which 
requires a relatively long exposure time to detect 
short-time variations. The BOES CCD camera is an E2V 
CCD44-82 model with a 2048 (order direction) × 4096 
(wavelength direction) chip, a pixel size of 15 × 15 μm, 
a gain of 0.9 ~ 1.9 e‾/ADU, and readout noise of 0.9 ~ 
8.5e‾. It has a readout time of 60 seconds and an image 
reduction ratio of 2.84 (telescope focal length/camera focal 
length). The operation temperature is about –100 ~ ―11
0℃, cooled by a continuous flow cryostat (Kim et al., 
2007).
   In this study, the spectral lines of AG Dra were ob-
tained and examined considering two periods: overnight 
change and long-term change. To observe short-term 
changes (overnight changes) in an analogous way for pho-
tometric flickering, it is important to conduct spectroscopy 
with short exposure times. Thus, our study of AG Dra is 
focused on the change in the profile and intensity of the 
Hα line, which is the strongest line allowing an easy de-
tection of profile variations from spectroscopy at a con-
stant exposure time among several prominent AG Dra 
emission lines. To observe long-term variations (monthly 
and yearly changes) of spectral lines, we conducted mon-
itoring from April 2004 to December 2021, and examined 
the changes in the shape and intensity of various spectral 
lines caused by the activity state or orbital phase or other 
reasons.
   We observed a total of 61 nights from April 2004 to 
December 2021 and obtained 355 spectral frames. No ob-
servations were made between the year of 2011 and 2016. 
The observation log is given in Table 1. Good quality 
data are selected from all observations and data on 20 

nights are analyzed.
   The observations to inspect short-term variations were 
made for six nights on February 24, 2008 (13 frames at 
600 second intervals), February 27, 2008 (32 frames at 
600 second intervals), September 12, 2008 (19 selected 
frames at 240 second intervals), and February 07, 2018 
(12 frames at 600 second intervals), January 28, 2019 (11 
frames at 900 second intervals), and June 08, 2020 (38 
selected frames at 600 second intervals). The observations 
of long-term variations were made over the total ob-
servation period, with exposure times ranging between 900 
and 1,500 seconds.
   Data reduction was performed using IRAF following 
general echelle spectroscopic data processing methods such 
as pretreatment, one-dimensional extraction, spectral line 
flipping, wavelength calibration, flat correction, and nor-
malization by the continuum.

3. ANALYSIS AND RESULTS

3.1. Overnight Variations in AG Dra Emission Lines

The light curve of AG Dra for our observation period 
from April 2004 to December 2021 is shown in Figure 1, 
which was made using the AAVSO collection data. The 
dates of the selected and analyzed data for 20 nights for 
this study are marked with a number in Figure 1.
   The Hα and Hβ lines were used together to find the 
overnight variations because they are relatively strong in 
intensity compared with other lines and have a clear line 
shape. No significant variations in spectral line profile are 
detected from our overnight observations for three nights 
in 2008 (Kim, 2010). However, while no noticeable pro-
file variations are found for the three nights of February 
07, 2018, January 28, 2019, and June 08, 2020 for both 
Hα line and Hβ line, there exist very small variations in 
peak intensity as shown in Figures 2 – 4. The relative in 

Figure 1. Magnitude variation of AG Dra between April 2004 and December 2021. This light curve was prepared using 
AAVSO collection data.



16                                          KIM ET AL.

date

(YYYY.MM.DD)
number of frame fiber #

selected data for the 

long-term variation
activity state

2004.04.14 2 #4 ①  q*

2004.09.30 1 #1 q

2006.03.21 3 #1 q

2007.04.28 3 #4 ②  o*

2008.02.24 13 #5 o

2008.02.27 32 #5 ③ o

2008.05.11 1 #5 ④ q

2008.09.12 22 #5 ⑤ q

2008.09.15 3 #5 q

2008.10.12 1 #4 q

2009.01.23 7 #5 q

2009.01.27 3 #5 q

2009.02.21 5 #5 ⑥ q

2009.07.05 5 #5 ⑦ q

2010.01.25 3 #5 ⑧ q

2010.04.07 2 #5 q

2010.04.24 3 #5 q

2017.11.02 5 #5 q

2017.11.04 2 #5 ⑨ q

2017.11.05 6 #5 q

2018.01.15 5 #5 q

2018.02.01 2 #5 o

2018.02.02 8 #5 ⑩ o

2018.02.07 12 #5 o

2018.04.25 1 #5 o

2018.05.19 9 #5 ⑪ o

2018.05.21 10 #5 o

2018.05.23 9 #5 o

2018.06.08 2 #5 ⑫ o

2018.06.18 2 #5 o

2018.09.22 2 #5 q

2018.09.24 2 #5 q

2018.10.23 2 #5 q

2018.10.24 2 #5 ⑬ ?

2018.12.14 3 #5 q

2019.01.29 11 #5 q

2019.01.31 5 #5 q

2019.02.16 2 #5 q

2019.02.17 6 #5 ⑭ q

2019.05.15 5 #5 q

2019.05.16 6 #5 ⑮ ?

2019.05.20 3 #5 q

2019.05.21 3 #5 q

2019.05.22 3 #5 q

2019.05.23 3 #5 q

2019.09.24 3 #5 ⑯ q

2019.12.12 3 #5 ⑰ q

2019.12.15 1 #5 q

2020.01.10 6 #5 q

2020.01.14 2 #5 q

2020.01.15 6 #5 q

2020.02.18 5 #5 q

2020.06.08 40 #5 q

2020.06.09 2 #5 ⑱ q

2020.10.10 10 #5 q

2020.10.12 4 #5 q

2020.11.02 3 #5 q

2020.11.04 1 #5 ⑲ q

2021.04.25 9 #5 q

2021.04.26 17 #5 q

2021.12.12 3 #5 ⑳ q

* o: outburst, q: quiescence

Table 1.  Observation Log of AG Dra. 
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tensity is measured against the continuum level. It seems 
that the change in line intensity for AG Dra is not as 
evident as that of CH Cyg, but more than Z And and 
UV Aur (the result of Mikayilov et al., 2017 and prelimi-
nary result of Yoon et al., 2020). However, it is worth 
noting a clear tendency of decrease in peak line intensity 
of Hα line on June 8, 2020 with double peak shape, on 
which AG Dra was the most intensively observed among 
the three nights.

3.2. Long-term Variations in AG Dra Emission Lines

The obtained spectra observed for long-term variations 
were emission lines such as the Balmer lines, He I, He 
II, O VI, and Fe II lines. Among them, we examined the 
long-term spectral line variation using the Balmer lines, 
which have a clear emission line shape and whose emis-
sion line changes were mentioned in other symbiotic star 
studies, He I λ5875, λ6678, and λ7065, He II λ4686, O 
VI λ6830, and λ7088, and Fe II λ5018. The emission 
line at λ5018 is presumed to be an Fe II emission line, 
but controversial about its origin (Teyssier, 2019).

3.2.1. Long-term Variation in Balmer lines

The detected Balmer lines include Hα, Hβ, Hγ, Hδ, Hε, 
and H9. High excitation Balmer lines such as Hε and H9, 
lying close to the UV region, are weak and noisy partly 
due to the limitation of the instrument and optical design, 
and hence are excluded from our analysis of long-term 
variations. Instead we focus on Hα, Hβ, Hγ, and Hδ 

lines, for which line variations are illustrated in Figures 5 
(a) - 5 (d).
   We show the Hα variations in Figure 5 (a) for 20 
nights. It should be noted that the Hα line exhibits a 
double peak profile at some instances and a single peak 
profile at others. Furthermore, when the double peak ap-
peared, the higher peak is always found on the red side 
(longer wavelength side). The emission lines strength also 
changes, reaching the maximum on February 27, 2008 (③ 

in Figure 5 (a)) and weakening below the average on 
May 11, 2008 (④), September 12, 2008 (⑤), and 
January 25, 2010 (⑧) compared with that on other 
nights.

Figure 2.  Overnight short-term Hα and Hβ spectral line variation of AG Dra for 12 frames 
on February 7, 2018. The upper left is the overlapped Hα line shape for 12 frames. The 
upper right is the variation of peak intensity of Hα line over a night. The lower left is 
the overlapped Hβ line shape for 12 frames.
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Figure 3.  Overnight short-term spectral line variation of AG Dra for 11 frames on January 
28, 2019. The figure caption for the three boxes is the same as that in Figure 2.

Figure 4.  Overnight short-term spectral line variation of AG Dra for 38 frames on June 8, 
2020. The figure caption for the three boxes is the same as that in Figure 2.
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   Regarding the alternation between single and double 
peak profiles of Hα, Leedjarv et al. (2004) noted that the 
Hα profiles are always smooth in the outbursts, consistent 
with a single peak profile, while a weak absorption com-
ponent on the blue side was observed during quiescence 
between orbital phases of 0.30 and 0.67. 
   We check whether the observational data of this study 

also showed the same pattern. Referring to Fig. 5 (a), the 
dates with the same pattern as that in Leedjarv et al. 
(2004) in the quiescence period are April 14, 2004 (① in 
Figure 5 (a); orbital phase of 0.65), January 25, 2010 
(⑧; 0.46), and November 04, 2017 (⑨; 0.59). The out-
burst dates of the same pattern with Leedjarv et al. 
(2004) are February 27, 2008 (③; 0.20), May 19, 2018 

Figure 5 (a). Long-term spectral line variation of Hα lines.
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(⑪; 0.94), and June 08, 2018 (⑫; 0.98). There are the 
cases of non-consistency. In the quiescence, the incon-
sistent nights are May 11, 2008 (④; 0.33), September 12, 
2008 (⑤; 0.56), October 24, 2018 (⑬; 0.23), and May 
16, 2019 (⑮), and in the outburst, the inconsistent night 
is April 28, 2007 (②; 0.65).
   Figure 5 (b) shows the overall profile variation of Hβ, 

which is very similar to that of Hα line. For example, 
when the double peak appears, the stronger peak lies on 
the red side. The temporal variation in the line flux is al-
so very similar to that of Hα.
   Figure 5 (c) shows the result for Hγ. The overall var-
iation of Hγ also resembles closely that of Hα and Hβ, 
with the highest line intensity appearing on the same 

Figure 5 (b). Long-term spectral line variation of Hβ lines.
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night (May 27, 2008) as Hα and Hβ.
   Long-term variations of Hδ lines are shown in Figure 
5 (d). The double peak nature of the line profile is not 
clear like Hγ, which is attributed to the weakness of both 
Hδ and Hγ. The variation in the intensity is also very 
similar to that of Hγ, and to those of Hα and Hβ lines 
as well.

   To sum up, overall similarity is found in the temporal 
variation in the line flux for the four Balmer emission 
lines Hα through Hδ, while the double peak line profiles 
are clearly found for the two strong Balmer lines, Hα and 
Hβ, with the same pattern of the stronger peak on the 
red side.

Figure 5 (c). Long-term spectral line variation of Hγ lines.



22                                          KIM ET AL.

3.2.2. Long-term Variation in He I lines

Variations in the He I emission lines are examined at 
three wavelengths: λ5875, λ6678, and λ7065. The line 
variations for these three lines are given in Figure 6. The 
double peak structure appears along with the single peak 
in the λ5875 line. On the nights of April 14, 2004 and 

November 4, 2017 the two peaks are almost of the same 
strength, while on other nights the red peak is clearly 
stronger than the blue counterpart. The He I λ6678 also 
shows a double peak profile, which differs from that of 
the He I λ5875. In the λ7065 line, a double peak profile 
is evident, with the changing pattern being similar to that 
of the λ5875 line considering the almost even shape or 

Figure 5 (d). Long-term spectral line variation of Hδ lines.
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higher intensity on the red side.
   He I λ5875 and He I λ7065 share the same profile 
variation pattern, while He I λ6678 exhibits a different 
behavior. Noting that He I λ5875 and He I λ7065 are 
associated with triplet He I and that He I λ6678 is a sin-
glet He I line, we propose that a careful radiative transfer 
approach should be taken in order to properly understand 
these behaviors exhibited by the He I lines.

3.2.3. Long-term Variation in He II line

In Figure 7, we show our spectroscopic data around the 
He II λ4686. Unlike the He I emission lines, the He II 
λ4686 emission line always presented a single peak. The 
change in the intensity was not substantial compared with 
that in other emission lines.

3.2.4. Long-term Variation in O VI lines

O VI λ6830 and λ7088 lines are known to be emission 
lines related to Raman scattering (Schmid, 1989). The two 
emission lines are shown in Figures 8 (a) and (b). They 
did not show a distinct variation in their shape, except on 
March 21, 2006. In the data around Raman O VI λ7088 
in Figure 8 (b), on September 12, 2008, September 15, 
2008, July 05, 2009, June 08, 2018, and June 18, 2018, 
an absorption line appeared at the wavelength of λ7091.2 
(marked as a red arrow). We suspect that this λ7091.2 
line might be a telluric absorption line by the Earth at-
mospheres rather than from the AG Dra itself.

3.2.5. Long-term Variation in λ5018 line

A long-term changes in the emission line λ5018, pre-
sumed to be an Fe II line, in Figure 9, along with He I  
λ5016, shows that there were nights when the emission 

Figure 6.  Long-term spectral line variation of He I λ5875, λ6678, and λ7065 lines.
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line was observed and nights when no emission line was 
observed. AG Dra was in the active phase on the nights 
when the λ5018 emission line was detected, while the ac-
tivity state of May 16, 2019 was classified as uncertain 
(see Table 1). The λ5018 emission line was also ob-
served for the symbiotic stars Z And and AX Per 
(preliminary result of Kim et al., 2022). In Z And, the λ

5018 emission line is always observed on the nights of 
observation, whereas in AX Per, the pattern of the λ5018 
emission line is similar to that in the case of AG Dra. 
These changes are thought to be possibly related to 
changes in the surrounding environment of symbiotic stars 
in association with the activity of symbiotic stars. An 
analysis of the Fe II λ5018 emission line for several 

Figure 7.  He II λ4686 emission line variation of AG Dra.
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symbiotic stars including AG Dra is under way (Kim et 
al., 2022).

3.2.6. Emission lines at all visible wavelengths of AG Dra 

We plot all the lines detected from Hε λ3970 to Fe I λ

8922 on two nights over the ten year span in Figure 10 

to identify any remarkable shape or line variations over 
the ten years. The upper line in each box was observed 
on September 24, 2019 in quiescence, and the lower line 
was observed on January 27, 2009 in quiescence. The in-
sets are provided for easy inspection of weak emission 
lines. No significant variations are apparent in ten year 
time span for all the lines while we have found variations 

Figure 8 (a). O VI λ6830 emission line variation of AG Dra.
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in line shape and line intensity in between.

4.  DISCUSSION

4.1. Overnight Variations

Sokoloski et al. (2001) studied the flickering phenomenon 

through photometric observations for symbiotic stars and 
reported that they failed to find flickering in AG Dra 
through the observation of 22 second intervals for 3.3 
hours and 55 second intervals for 4.7 hours.
   Despite the non-detection of photometric flickering by 
Sokoloski et al. (2001), and our unsuccessful spectroscopic 

Figure 8 (b).  O VI λ7088 emission line variation of AG Dra. The shape of the λ7088 emission line is broad. The λ

7091.2 absorption line, marked as a red arrow, appears and disappears.
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monitoring for six nights, we think that it would be too 
early to draw a definite conclusion of no photometric 
flickering and/or no overnight short-term variations in 
spectral lines for AG Dra because in symbiotic stars un-
expected and sporadic variations are possible even in a 
night. It should be also noted that we have found the 
clear decreasing tendency for the peak intensity on the 

night of June 8, 2020 (Figure 4). A couple of additional 
spectroscopic observations to secure a sufficient number of 
short exposure spectral frames would be useful to reach a 
more reliable conclusion. Also, it is still quite uncertain 
whether there is any strong correlation between photo-
metric flickering and spectroscopic short-term variations.  
We thus need to understand the mechanism of photo

Figure 9.  Emission line variations of He I λ5016 line and Fe II λ5018 line. The λ5018 line is marked as a red arrow.
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Figure 10.  All emission lines of AG Dra for the two nights of September 24, 2019, and January 27, 2009, over a 
span of ten years. The upper one is data for September 24, 2019, and the lower one is for January 27, 2009. 
The insets are provided for easy inspection of weak emission lines. 
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metric flickering from other symbiotic stars which show 
photometric flickering phenomenon such as Z And, T 
CrB, and CH Cyg (Sokoloski et al., 2001), with observ-
ing overnight spectroscopic variations for other symbiotic 
stars. So far, CH Cyg is the only symbiotic star which 
has shown photometric flickering phenomenon (Sokoloski 
et al., 2001) and overnight spectroscopic variations 
(Mikayilov et al., 2017). Studies on the overnight spectral 
variations of CH Cyg by Mikayilov et al. (2017) have 
not examined the variation in the shape of the spectral 
line, but rather the short-term variations in intensity in the 
Balmer lines.

4.2. Long-term Variations

Long-term variations over months and years of line pro-
file and line intensity are examined for several prominent 
emission lines. The emission lines used to find the varia-
tions were Hα, Hβ, Hγ, and Hδ among the Balmer lines, 
the He I λ5875, λ6678, and λ7065 lines, He II λ4886 
line, O VI λ6830, and λ7088 lines, and Fe II λ5018 
line. In Table 2, the shape of these lines except those of 
O VI lines are given for a quick comparison.
   When the Hα emission line profile of AG Dra ex-
hibits a double peak structure, the stronger peak lies al-
ways on the red side because of absorption feature on the 

blue side. In this regard, Leedjarv et al. (2004) noted the 
connection among the shape of the line (single peak or 
double peak), the activity state (outburst or quiescence), 
and the orbital phase. As we mentioned in section 3.2.1, 
some of our data are consistent with Leedjarv et al. 
(2004)’s results, but there exists some discrepancy.
 It is beyond the scope of this article to deduce the rea-
son for the difference between the study of Leedjarv et 
al. (2004) and our observational results. We noticed that 
the long-term observation data of Leedjarv et al. (2004) 
did not cover the orbital phase widely; however, their 
analysis is very useful. The data of this study were taken 
from wide orbital phases. The intensity of the emission 
line was the highest in February 2008 among all nights 
considered. The reason for this highest intensity is to be 
understood.
   The Fe II λ5018 line is an interesting line along with 
controversy regarding its identification. According to our 
data, the nights when the Fe II λ5018 line appeared rep-
resented outburst states. If the existence of λ5018 line is 
confirmed to be related to the activity state of AG Dra, 
then it could be used as another indicator of the activity 
state of AG Dra along with magnitude variations. 
Considering the cause of disappearance, it might indicate 
mass transfer to the hot component.

no.
date

(YY.MM.
DD)

phase activity 
state

H-alph
a peak 
shape

H-beta 
peak 
shape

H-gamm
a peak 
shape

H-delta 
peak 
shape

He I 
λ5875 
peak 
shape

He I 
λ6678 
peak 
shape

He I 
λ7058 
peak 
shape

He II 
λ4686 
peak 
shape

(Fe II) 
λ5018 

emission

1 04.04.14 0.65 q d s s s d d d s X
2 07.04.28 0.65 o d s s s s s s s O
3 08.02.27 0.2 o s s s s s s s s X
4 08.05.11 0.33 q s s s s s d s s X
5 08.09.12 0.56 q s s s s d d d s X
6 09.02.21 0.85 q s s s s s s s s X
7 09.07.05 0.09 q s s s s s s s s X
8 10.01.25 0.46 q d d d d d d s s X
9 17.11.04 0.59 q d d s s d d d s X
10 18.02.02 0.75 o s s s s s s s s O
11 18.05.19 0.94 o s s s s s s s s O
12 18.06.08 0.98 o s s s s d s s s O
13 18.10.24 0.23 ? d d s s d d s s X
14 19.02.17 0.44 q d d s s s d d s X
15 19.05.16 0.59 ? s s s s s s s s O
16 19.09.24 0.83 q s s s s s s s s X
17 19.12.12 0.97 q s s s s s s s s X
18 20.06.09 0.30 q d d d d s d s s X
19 20.11.04 0.57 q d d s s d d d s X
20 21.12.12 0.29 q d d s s s s s s X

phase : Meinunger 1979, q : quiescence, o : outburst, d : double peak, s : single peak

Table 2. Shape of emission lines for AG Dra.
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5.  CONCLUSIONS

Our short exposure spectroscopic monitoring of AG Dra 
shows no significant change in the shape of the spectral 
lines for our selected emission lines, but there seems to 
be minor changes in the peak intensity on three nights, 
with a clear decreasing tendency on one night for the Hα 

emission lines. The amount of change was weaker than 
that for CH Cyg, but more than that for Z And or UV 
Aur. Further observations, covering a sufficient period 
during a night would be required to verify the presence 
or absence of an intranight variability in the Hα line.
   In the long-term, there are changes in the shape of 
the Balmer Hα, Hβ, Hγ, and Hδ lines, the He I λ5875, 
λ6678, and λ7065 lines, and Fe II λ5018 line, with no 
obvious shape changes observed for the He II λ4686, and 
Raman O VI λ6830, and λ7088 emission lines. The ap-
pearance of some absorption line was detected near the O 
VI λ7088 line. A notable line for this study was the λ

5018 as its appearance and disappearance patterns are dif-
ferent from those of other emission lines, and it only ap-
peared during outburst states. On condition of the estab-
lishment of the strong correlation between this spectral 
line and the symbiotic activity, this line can be a useful 
spectroscopic tracer for the activity state, and possibly for 
structure and evolution of AG Dra system and other re-
lated symbiotic stars.
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