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Abstract. We present a spectral study of the single magnetically active K giant OP And in the period 1979 — 2018, monitoring the
variability of the activity indicator line Ha. Original data obtained in the period 2015 — 2018 with the echelle spectrograph ESpeRo
at the 2m telescope of the National Astronomical Observatory Rozhen in Bulgaria, previously unpublished original data obtained
in the period 1997 — 2007 and on one night in 2013 with the Coude spectrograph at the same telescope, as well as data from the
literature are presented in this study. The variability of the Ha line reveals that the activity level of OP And is higher in the period
1993 — 2000, while during the period 2008 — 2010 it is lower, possibly close to a minimum. Also, our data for the period 2015 —
2018 show that the activity level is increasing again. Spectral observations of the activity indicators Call H&K lines and Call IR
triplet are sparse during the studied period. We use such ones when possible to confirm t he detection of some flare events. The
structure of Ho changes with the activity level: when the activity is higher, we observe a blue-shifted component of this line,
interpreted as an expanding area above the photosphere, but during a lower activity period it is almost absent. Our results are in a
good agreement with the idea that the magnetic field c ontrols t he m ass outflow in this giant. Mo re years of observations are
necessary to determine the eventual activity cycle of OP And.

INTRODUCTION

OP And (HD 9746) is a single active giant of spectral class K1III. Its apparent magnitude is 6.21™ — 6.47" [20],
and the color index B—V = 1.21" [7]. The brightness of the star varies by ~0.1” in V filter of the Johnson-Cousins
UBVRI filter system and these changes are of variable period (Strassmeier & Hall, 1988). This variability is thought
to be due to photospheric spots which change their configuration and distribution in time. The rotational period is
Piot = 76 d [21, 18]. The mass of this star is 2.0 = 0.5 M, the effective temperature is Ter = 4420 K, the surface
gravity logg = 2.3 [2] and the metallicity [Fe/H] = 0.0 [3]. This giant is known for its high lithium abundance:
loge (Li)= 3.5 [9]. For comparison, late giants with near-solar metallicity are expected to have loge < 1.5 [12]: OP
And is member of a rare group of lithium-rich giants. The projected rotational velocity is vy, = 8.7 = 1.0 km/s, and
the radial velocity RV = -42.7 £ 0.3 km/s [7]. No variations are measured for this value, suggesting that OP And
is a single star. The surface-averaged magnetic field iS Bpesn = 15 G [2]. The correlation of the magnetic
field strength and the rotational period suggest that the reason for the activity in OP And is a magnetic dynamo [2].
The evolutionary stage of this star is at the end of the first dredge-up phase and the beginning of the red giant
branch, at the end of the so-called first magnetic strip [6]. Only one other giant, V1192 Ori, is at this
evolutionary stage and is known to have fast rotation and a surface magnetic field [2].

The spectrum of OP And shows strong emission cores of variable intensity in the Call H&K lines (3968.5 and
3933.7 A respectively), which lie inside deep absorption [22]. The emission intensity is comparable to that of active
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binaries of type RS CVn. The Call infrared triplet (Call IRT) lines at 8498, 8542 and 8662 A, which are one of the
activity indicators [8] also vary in intensity. The Ha spectral line has a complex profile in the spectrum of OP And: an
emission core is present which fills the absorption component to a different extent; a 79 km/s blue-shifted emission
component is also present, which is explained with a hot expanding area above the photospere [19] and is linked to
mass loss. In some cases of flares, a red-shifted emission component is also observed for this line [18].

T he chromospheric flares of OP And have been detected by photometric [16] and spectroscopic observations
(in Ha) [17, 5]. A previous study of the long-term variability of this star [5] showed that the activity level was higher
in 1993 — 1996 based on the spectral indicators, while in 2008 and 2010 it was lower. No long-term activity
indicators period is known for this star so far.

OBSERVATIONS AND DATA PROCESSING

In our study we present observational spectral data of OP And in the period 1979 — 2018. We use the Ha line as
an activity indicator. Our observations in the spectral regions of Call H&K and Call IRT are fewer and we use these
lines as secondary indicators only to confirm possible flares of OP And.

We used original data obtained in the period September 2015 — August 2018 with the echelle spectrograph
ESpeRo at the 2m telescope of the Rozhen National Astronomical Observatory (NAO), Bulgaria [4], as well as
previously unpublished data obtained with the Coude spectrograph at the same telescope [14] in the period January
1997 — November 2007 and on one night in August 2013. A log of our observations is presented in Table 1. We also
use results of previous spectral observations of OP And from the literature. Such observations in the region of Ha
were first done in 1979 by Fekel et al. (1986) [11] with the 2.1m telescope of McDonald Observatory with spectral
resolution R = 15000. Following observations in the region of Ha were done in 1983 by Strassmeier et al. (1990) [22]
with the same telescope and spectral resolution. We note that the data from 1979 and 1983 only consists of single
observations, so we cannot use them when trying to determine an eventual long-term variability period; however we
include them in our study because these spectra confirm the profile of Ha typical for this star. In the period 1993 —
1996 spectra of the Ha line were obtained by Konstantinova-Antova (2001) [17] with the Coude spectrograph at the
2m telescope of NAO with R = 20000. Observations were done in 2008 and 2010 [5] with the NARVAL
spectropolarimeter at the 2m TBL at Pic du Midi Observatory, France with spectral resolution of 65000; detailed
description of this instrument can be found in [1]. Our observations in the period 1997 — 2007 and the night in August
2013 have R =~ 20000 and the ones in 2015 — 2018 have R =~ 32000. The signal-to-noise ratio (SNR) for all our
observations in the region of Ha is above 100, the typical value being about 200.

For the spectra we obtained, data reduction was done using the software package /mage Reduction and Analysis
Facility (IRAF). In cases where multiple spectra were obtained in one night or in consecutive nights we used their
median spectrum to remove any random noise that could occur. This was done after inspection of the individual
spectra for absence of any short-term changes. We use the resulting data to study the activity level of OP And by
measuring the relative intensity R, regarding the continuum in the core of the Ha line and its blue-shifted emission
wing. However, spectra of late giants contain many absorption lines, so that a true continuum level is not present. We
instead measured R, regarding to a pseudo-continuum that we determined in accordance with the procedure described
in Eaton (1995) [10].

The relative intensity is an instrument dependent value as higher spectral resolution results in deeper absorption
lines, hence in lower R.. This problem has been resolved by lowering the spectral resolution of the spectra
obtained with NARVAL. We then measured the relative intensity of the selected lines in the newly constructed
spectra using the software package IRAF.

RESULTS AND DISCUSSION

The measured values of R, in the core and blue wing of Ha are presented in Figure 1 in the top and bottom panel
respectively. The suspected flare events are presented in blue squares. Only single observations in the Ha region are
available for those events and we cannot be sure that they are flares. In the cases where we are sure that a flare
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TABLE 1. Table of observations.

Date JD Spectrograph  SNR ‘ Date D Spectrograph  SNR
1997-01-23  2450472.2 Coude 200  2006-12-01 2454071.5 Coude 120
1997-01-24  2450473.2 Coude 200  2007-07-01 2454283.6 Coude 200
1997-01-25 2450474.2 Coude 200  2007-07-30 2454311.5 Coude 270
1997-08-14 2450675.4 Coude 170 2007-08-02 2454314.6 Coude 270
1997-08-15 2450676.5 Coude 200  2007-08-03 2454316.5 Coude 270
1997-10-16  2450738.3 Coude 300 2007-11-27 2454432.3 Coude 300
1998-09-30 2451087.4 Coude 270  2013-08-17 2456522.5 Coude 170
1998-10-28 24511154 Coude 150  2015-09-02 2457268.0 ESpeRo 110
1999-01-10 2451189.2 Coude 140  2015-10-04 24573004 ESpeRo 180
1999-03-03  2451241.2 Coude 200  2015-12-28 2457385.3 ESpeRo 180
2000-06-24 2451720.6 Coude 200  2016-01-27 2457415.3 ESpeRo 150
2000-06-25 2451721.5 Coude 250  2016-07-26  2457596.0 ESpeRo 200
2000-07-11  2451737.5 Coude 200  2016-09-18 24576504 ESpeRo 100
2000-08-15 2451772.5 Coude 180  2016-10-10 2457671.5 ESpeRo 100
2000-09-09  2451797.5 Coude 150  2016-11-15 2457708.0 ESpeRo 170
2000-10-22  2451840.4 Coude 150  2016-12-09 24577324 ESpeRo 150
2005-06-27 2453548.5 Coude 120 2017-06-30 2457935.5 ESpeRo 200
2005-11-10 24536852 Coude 110 2018-01-06 2458125.3 ESpeRo 130
2006-08-09  2453957.5 Coude 180  2018-03-07 2458185.2 ESpeRo 200
2006-08-12  2453960.4 Coude 200  2018-08-24 2458355.5 ESpeRo 150
2006-10-03  2454012.4 Coude 200

has been registered, the measurements are presented in red triangles. We consider the detection of a flare a certainty
in two types of cases: 1) when observations of other activity indicators together with Ha are available and show
increased emission level (Call H&K and Call IRT for the flare on 2 August 2010 and Call IRT for the flare on
15 November 2016); 2) when several observations in the region of Ha were done consecutively and we observe
variability typical for flare events (the flares on 18-19 August 1994, 8-9 August 1996, 24-25 June 2000 and 30
July — 3 August 2007). As an illustration, the spectrum of OP And taken during the flare on 2 August 2010 in the
regions of the selected activity indicators is presented in Figure 2 and plotted over other spectra of this star from 2010
where no flares are detected. Changes in the relative intensity of the activity indicators are obvious during a flare event.

Based on the presented values of R, for both the Ha core and blue-shifted wing, we obtain the following results:

1. The long-term variability of OP And is confirmed. The observed activity level based on measurements of the
Ha core is highest in the period of 1993 — 2000, low in the years 2008 and 2010 and again higher in the period
of 2015 — 2018. As an illustration, a comparison between profiles of the He line is given in Figure 3 where a
spectrum taken on 30 September 1998 (during a higher activity level) is plotted over a spectrum taken on 14
July 2010 (during a lower activity level). No long-term period is apparent, however. It seems that such a period
should be longer than the dataset available.

2. In the period of higher activity (1993 — 2000) the blue-shifted emission component of the Ha line is present
in most of the data. In the period of lowest observed activity (2008 and 2010) this component is only slightly
above the continuum level or, in most cases, indistinguishable from it.

3. It seems, in the period of higher activity (1993 — 2000) we detect more flare events than in the period of lower
activity.

As far as the blue-shifted emission component of He is linked to an expanding hot area in the atmosphere (which
considering the low value of logg leads to mass loss from this giant), we can suggest that the activity level possibly
affects the mass loss: during the years of higher activity it is higher, while during the years of lower activity it is low
or not present.

In the observed period of lower activity, two flare events were detected: on 30 July — 3 August 2007 and on 2 August
2008. One more flare is observed on 15 November 2016. Even during the last three flares, no significant blue-shifted
emission component is observed. In the period of higher activity three flares of OP And are detected: on 18-19 August
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FIGURE 1. Measured values of R, for the He core (top) and blue-shifted emission wing (bottom) for OP And. Flares and suspected
flares are designated by red triangles and blue squares respectively.

1994, 8-9 August 1996 and 24-25 June 2000; detection of five more flares is suspected on 23 August 1994, 2 February
1996, 16 October 1997, 28 October 1998 and 11 July 2000. The flares of this giant last long, i.e. for more than one
day. This could be related to the height of the magnetic loops in the stellar atmosphere: see Katsova & Livshits (1991).

CONCLUSION

The long-term variability of the single active giant OP And in the period 1979 — 2018 is studied. Variability in the
He core and its blue-shifted emission wing is confirmed. In the period of higher activity 1993 — 2000 this blue wing
is distinctively above the continuum level and is relatively strong, while in the years of lowest observed activity 2008
and 2010 it is only slightly above the continuum level or not present. As this component is linked to mass outflow, it
could be that the long-term activity level strongly affects the mass loss in this giant.

A total of six flares of OP And are detected and detection of five more such events is suspected. If these five events
are indeed flares, it could be that during the period of higher activity OP And flares more often.

More observations are necessary in order to determine the eventual long-term activity period of this star.
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FIGURE 2. Spectrum of the flare on 2 August 2010 in the regions of four activity indicators (Call H&K lines, Ha and one line of
the Call IRT) is compared with other spectra of OP And where no flares are detected.
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FIGURE 3. Spectra of OP And obtained on 30 September 1998 (during a higher activity level) and on 14 July 2010 (during
a lower activity level) are plotted together in the region of Ha for comparison. A clear difference is seen between the relative
intensity at the core of the line; a strong blue-shifted emission wing is also apparent in the first spectrum, while in the second one
it is indistinguishable from the continuum level.
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