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ARTICLE INFO ABSTRACT

The LAMOST spectral survey provides a rich databases for studying stellar spectroscopic properties and chro-
mospheric activity. We cross-matched a total of 105,287 periodic variable stars from several photometric surveys
and databases (CSS, LINEAR, Kepler, a recently updated eclipsing star catalogue, ASAS, NSVS, some part of
SuperWASP survey, variable stars from the Tsinghua University-NAOC Transient Survey, and other objects from
some new references) with four million stellar spectra published in the LAMOST data release 2 (DR2). We found
15,955 spectra for 11,469 stars (including 5398 eclipsing binaries). We calculated their equivalent widths (EWs)
of their H,, Hp, H,, Hs and Ca ii H lines. Using the H, line EW, we found 447 spectra with emission above
continuum for a total of 316 stars (178 eclipsing binaries). We identified 86 active stars (including 44 eclipsing
binaries) with repeated LAMOST spectra. A total of 68 stars (including 34 eclipsing binaries) show chromo-
spheric activity variability. We also found LAMOST spectra of 12 cataclysmic variables, five of which show
chromospheric activity variability. We also made photometric follow-up studies of three short period targets (DY
CVn, HAT-192-0001481, and LAMOST J164933.24 +141255.0) using the Xinglong 60-cm telescope and the
SARA 90-cm and 1-m telescopes, and obtained new BVRI CCD light curves. We analyzed these light curves and
obtained orbital and starspot parameters. We detected the first flare event with a huge brightness increase of
more than about 1.5 magnitudes in R filter in LAMOST J164933.24 +141255.0.
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1. Introduction H, line may arise from several different mechanisms: stellar magnetic
activity of solar type, star-star interaction (especially in the RS CVn
systems), star-disk interactions (especially in classical T Tauris stars),

star-planet interaction, (Karoff et al., 2016; Frasca et al., 2016; Reipurth

Many periodic variables (especially those with late spectral type)
exhibit magnetically active phenomena, such as starspots, chromo-

spheric plages and flares, coronal emissions (Giidel, 2002; Berdyugina,
2005; Hall, 2008; Strassmeier, 2009). These phenomena are important
for determining rotational and magnetic-related activity properties in
the photosphere, chromosphere, transition region and corona at dif-
ferent stages of stellar evolution (Messina et al., 2001). Stellar magnetic
activity produces fill-in or emission in several activity-sensitive spectral
lines, especially the H, (6563 A, Hj (4861 A), H, (4341 A), Hs (41024),
Hg (3889A), and Ca ii H (3968A) & K (3933A), and Ca ii IRT lines
(Sobolev et al., 1982; Montes et al., 2001; West et al., 2011; Zhang
et al.,, 2015; 2017; etc). These lines serve as chromospheric activity
indicators. The H, emission is the most common and prominent spec-
troscopic feature of T Tau stars (Reipurth et al., 1996). The emission in
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et al., 1996). Researchers have discovered that many M stars are active
and studied the depdendence of their level of activity on spectral type
using the SDSS and LAMOST surveys, and determined the space dis-
tribution of active stars within our Milky Way (West et al., 2011; Yi
et al., 2014; Zhang et al., 2016; Fang et al., 2016). Frasca et al. (2016)
studied LAMOST spectra as part of the spectroscopic follow-up ob-
servations of Kepler survey by using the spectral subtraction of inactive
templates using the code ROTFIT and derived the fluxes of several lines
sensitive to magnetic activity. The rotation periods determined from the
Kepler photometry allowed to study the dependence of the chromo-
spheric fluxes and the amplitude of light curve variations on the rota-
tion rates. Similarly, our main motivation is to build a large catalog of
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List of photometric surveys and corresponding number of stars and LAMOST spectra analysed in this study.

Survey source Number of variable star Number of eclipsing binary Reference

Survey source Total Spectra object Total Spectra Object Reference

CSs 47,000 6608 4862 35,581 5255 3826 Drake et al. (2014a)

LINEAR 7000 1654 1209 2742 576 437 Sesar et al. (2011); Palaversa et al. (2013)

Kepler 34,030 6155 4891 2878 868 676 Prsa et al. (2011); Abdul-Masih et al. (2016); McQuillan et al. (2014)
eclipsing catalogue 7200 1631 849 7200 1631 849 Avvakumova et al. (2013)

ASAS 50,099 257 214 11,076 110 89 Pojmanske (2000; 2002; 2003)

Xinglong 80-cm Survey 1237 28 24 431 4 4 Yao et al. (2015)

NSVS 8678 593 462 2883 441 329 Wozniak (2004)

SuperWASP 143 18 14 143 18 14 Pollacco et al. (2006); Norton et al. (2007); Lohr et al. (2013)
other 11 11 11 11 11 11 Pribulla et al. (2012); Eker et al. (2008)

total 105,287 15,955 12,536 60,945 8914 6235

stars with known rotation period and, possibly, also other stellar
parameters and to measure their magnetic activity using LAMOST
spectra. To accomplish our aim we have explored a number of catalogs
and surveys that we will describe in the following:

Avvakumova et al. (2013) published a new and largest catalogue of
eclipsing binaries. This catalogue contains parameters for 7200 stars. It
also contains morphological type of the light curve, orbital period and
information on period variability. Avvakumova et al. (2013) also ana-
lyzed stellar parameter distribution of eclipsing systems.

Drake et al. (2014a) used three telescopes covering the sky decli-
nation & region ranging from —75 to +65 degrees and right ascension
ranging from 0 to 360 degrees and discovered 47,000 periodic variables
(including 31,000 eclipsing binaries) with the V magnitude ranging
from 12 to 20 in the Catalina SKY Surveys (CSS) from 2004 (Drake
et al., 2013a; 2013b). Drake et al. (2014b) also investigated the prop-
erties of 367 ultra-short period binary candidates from their 31,000
eclipsing binaries sources. They spectroscopically confirmed the ex-
istence of several M dwarf + M dwarf contact binaries.

Palaversa et al. (2013) visually confirmed and classified 7000 per-
iodic variable stars in the 14-17 range of magnitudes from the asteroid
survey of northern sky (LINEAR). The periodic LINEAR variables con-
tain 3900 RR Lyrae stars, 2700 eclipsing binaries, and some other type
of variable stars (Sesar et al., 2011).

The SuperWASP project (Pollacco et al., 2006) aimed at searching
for transiting extrasolar planets using wide field photometric survey,
which started in 2004. We obtain the coordinates of several hundred
SuperWASP periodic variable stars (Norton et al., 2007; Lohr et al.,
2013).

All Sky Automated Survey (ASAS) discovered 50,099 variable stars
(including 11,076 eclipsing binaries) brighter than V = 14 mag south
of declination +28 (Pojmanski, 1997; Pojmanski et al., 2005).

Northern Sky Variability Survey (NSVS) discovered 8678 slowly-
rotating variable stars (including 2883 eclipsing binaries) covering the
entire sky above declination + 38° with magnitudes ranging from 8 to
15.5 mag in the V band (Wozniak et al. 2004).

The primary Kepler Mission provided nearly continuous monitoring
of 200000 objects with unprecedented photometric precision.
McQuillan et al. (2014) detected 34,030 stars with rotation periods
between 0.2 and 70 days from 133,030 main-sequence Kepler targets.
The final catalog of 2878 eclipsing binary systems in the Kepler field of
view was presented by Abdul-Masih et al. (2016); Prsa et al. (2011).

Yao et al. (2015) detected 1237 variable stars (including 661 RR
Lyrae stars, 431 eclipsing binaries, and 299 new variables) with a
brightness greater than 18.0 mag with periods ranging from a few hours

37

to a few hundred days from the first two years of observations from the
Tsinghua University-NAOC Transient Survey at Xinglong station,
NAOC. We also retrieved additional new variable stars, such as low-
mass eclipsing binaries from Pribulla et al. (2012), and from the cata-
logue of chromospherically active binary stars (Eker et al., 2008;
Strassmeier et al., 1993). Our goal is to make our catalogue as complete
as possible. However, we do miss many other known periodic variables,
especially bright stars that exceed the upper brightness limit in the
LAMOST survey, and stars in unpublished catalogs.

A large number of stellar spectra were obtained from the spectro-
scopic survey of the Large Sky Area Multi-object Fiber Spectroscopic
Telescope (LAMOST, aka Guo Shou Jing telescope) (Zhao et al., 2012;
Luo et al., 2015), which allow to study chromospheric activity of per-
iodic variable stars, and its dependence on stellar parameters. These
large stellar spectroscopic survey and photometric survey will trigger
detailed statistical studies of stellar physics and stellar magnetic ac-
tivities. One disadvantage with NSVS, ASAS, LINEAR, CCT datasets is
the lack of precision multi-color photometry, which can in principle
provide more precise information on orbital inclinations, relative ra-
dius, and other orbital parameters in binary systems.

For many periodic stars that we retrieved from photometric surveys,
spectral type and magnetic activity are not known. Stellar spectra from
LAMOST survey fill this important information gap nicely. In our paper,
we cross-matched the LAMOST catalog with the above mentioned
photometric catalogs of periodic variable stars. Among the periodic
variable stars that have one or more LAMOST spectra, we search for
chromospheric active stars. Then, we measured the EW of a selection of
lines that are sensitive to magnetic activity. However, because our
method, we could identify only very active stars, that is stars whose
very high level of magnetic activity has filled in their lines and thus are
observed in emission. Therefore, we do not search for any correlation
with spectral type, binary, orbital period. Conversely, there are also
stars with available spectra from LAMOST survey but without detailed
multi-bands photometric information. For this reason, we selected
several interesting targets with strong chromospheric activities, and
further investigate their properties using photometric follow-up ob-
servation. Although the variables and eclipsing variables with longer
periods can have prominent activity, we only focus on short-period
eclipsing variables because of limited telescope time for the photo-
metric follow-up. To better understand the photospheric starspot ac-
tivities and orbital parameters of short period eclipsing binaries, we
monitored some of them with multi-color CCD photometry using sev-
eral optical telescopes. We obtained light curves of three eclipsing
binaries: DY CYn, HAT-192-0001481 (2MASS J16121668 +4113509)
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Fig. 1. Spatial distributions of periodic variable stars and eclipsing binaries discovered by
different surveys. Different symbols and colors represent different stellar surveys.

and LAMOST J164933.24 +141255.0. By analyzing these light curves,
we obtained their physical and starspot parameters.

2. LAMOST spectral survey

LAMOST is a telescope with aperture of about 4 m and a field of
view of 5 square degrees and located at Xinglong station, National
Astronomical Observatories of China (NAOC). The telescope can si-
multaneously obtain the spectra of about 4000 stars with low-resolution
of about 1800 in a single exposure (Wang et al., 1996; Cui et al., 2012).
Its spectroscopic survey released over four million spectra in December,
2015 (Zhao et al., 2012; Liu et al., 2015; Luo et al., 2012; 2015). It also
obtained low-resolution spectra for objects in the Kepler field of view
(De Cat et al., 2015)). The huge amount of DR2 spectra obtained by
LAMOST survey can be used to study stellar astrophysics and structure
of Galaxy and are important for analyzing the spectral properties of
variable stars (including eclipsing binaries).

We cross matched 105,287 periodic variable stars from the
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Fig. 2. Population distribution in terms of orbital periods and spectra types for all stars
and eclipsing binaries considered in this study and present in the LAMOST Survey.

mentioned photometric surveys (CSS, LINEAR, Kepler, eclipsing binary
catalogue, ASAS, NSVS, some part of SuperWASP survey, the Tsinghua
University-NAOC Transient Survey, and other objects from some newly
references.) with four million LAMOST stellar spectra (LAMOST data
release 2, DR2). We selected spectra with signal to noise values greater
than 5. We found 15,955 such spectra (8914 of them for eclipsing
binaries) for a total of 12,536 variable stars (including 6235 eclipsing
binaries). The results of our cross-match are summarized in Table 1. In
the online version of this paper, we also present four electronic cata-
logues (catl, cat2, cat3, and cat4) for all the variable stars. Cat1 lists the
spectral parameters of the variable stars and Cat2 lists the stars’ para-
meters. Cat3 lists the spectral parameters of eclipsing binaries and Cat4
lists the stellar parameters of eclipsing binaries. These electronic Tables
include star names, right ascensions (RA) and declinations (DEC), ob-
servation dates, spectral types, magnitudes, signal to noise ratios (SN),
and the photometric survey, the orbital periods, and the types of vari-
able stars (eclipsing binary, RR Lyr variable star, and others). We listed
part of the parameters of some targets in Table 2. The individual LA-
MOST spectra can be downloaded from the LAMOST web site (http://
dr2.lamost.org/). We plotted the spatial distribution of all the periodic
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(f) LAMOST J224355.17+293647.4

Fig. 3. Examples of LAMOST spectra normalized to their continuum for stars with only one single spectrum from CSS, Kepler and LINEAR surveys. Some of them show obvious emissions
in the Ca ii H&K, Hs, H,, Hp, H, and Ca ii IRT lines.
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variable stars and eclipsing binaries observed in the LAMOST survey in
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Fig. 3. (continued)

3. Analyses

Fig. 1, where different symbols and colors represent targets from dif-

ferent stellar surveys.

Wagelength (1)
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The Ca ii K, H,, Hp, H, and H; lines are useful chromospheric ac-
tivity indicators (eg., Montes et al., 2001). In this section, we first
present our statistical analyses on our sample of variable stars (in-
cluding eclipsing binaries), we then describe the method of analyzing
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spec-56255-HD1005125033102B_sp13-163.fits

spec-56681-GAC062N16B1_sp06-059.fits
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Fig. 4. LAMOST spectra of active stars, which show obvious emissions
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their chromospheric activity.

There are 11,469 periodic variables (5398 eclipsing binaries) ob-
served in LAMOST survey. We analyzed their statistical distributions in
terms of the number of stars with different spectral types and periods.
Among them, there are 3443 variable stars (including 1467 eclipsing
binaries) with at least two spectra. We plotted the number distribution
vs. periods or spectral types for all stars and eclipsing binaries observed
on LAMOST Survey in Fig. 2. The number of the eclipsing binaries of
different spectral types are similar to that for other types of variable
stars (RR Lyrae stars, and so on). The number of binaries with AFGK
spectral types are larger than that for other spectral types. From the
number distribution vs. the period, we found the number of eclipsing
binaries with orbital period < 1 day is larger than other stars and the
number of eclipsing binaries with orbital period > 1 day is less than
other stars.

We used the program of West et al. (2004); 2011) to measure their
equivalent widths of their chromospheric activity lines. We chose the
wavelength regions of the continuum and lines regions that were used
for studying SDSS spectra following Hilton et al. (2010) and
West et al. (2004); 2011). This program calculated their EWs by in-
tegrating over regions around the center of these spectral lines and

Wavelength (A)

44

subtracting the mean background flux of two adjacent continuum re-
gions (6555-6560 A and 65706575 A for H,; 4840.0-4850.0 A and
4875.0-4885.0 A for Hp, 4310.0-4330.0 A and 4350.0-4370.0 A for H,;
4075.0-4095.0 A and 4110.0-4130.0 A for Hs; and 3952.8-3956.0 A
and 3974.0-3976.0 A for Ca ii K). The spectral types were determined
by matching the observational spectra with models of standard stars
(Wu et al., 2011; Luo et al., 2015). The uncertainties of the spectral
types inferred from LAMOST spectra are from one to two subtypes
(Yi et al., 2014) using the models of standand stars. We calculated the
ratio between the height of the chromospheric activity line and its noise
at the line center. We listed them in the column of “diff” in Table 3. To
search and classify strong active stars using the H, line, our criteria are
similar to those of West et al. (2011) and Yi et al. (2014). That is, the
EWs of the H,, line must be larger than 0 A (for M star, larger than 0.75
A) and larger than their uncertainties, and their heights of the H,
emission must be 3 times the noise (in other word, we impose that “diff”
is above 3.) (Hawley et al., 2002; West et al., 2004). Moreover, we also
visually inspected all candidate spectra of active variable stars and
manually checked their magnetic activity spectral lines again. We de-
fine the EWs to be negative for absorption line and positive for emission
line. Our criteria allow us to identify and discover targets with strong
level of magnetic activity. Most of them are the accreting classical T
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Tauri stars (CTTS), as evidenced by the very large H, EWs. We did not
make use of the more accurate spectral subtraction technique (SST) to
measure the emission EWs because we could not automate this process.
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Fig. 5. LAMOST spectra of active stars, which show obvious core emissions in the H, line.

45

Therefore, large number of chromospherically active stars with FGK
spectral types that have LAMOST DR2 spectra are missed from our
detection. We only detect the most active since all active stars whose
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Fig. 6. LAMOST repeated spectra normalized to their continuum for stars from CSS, LINEAR, Eclipsing catalogue and other surveys. Some of them show obvious emissions in the Ca

H&K, Hs, Hy, Hg, H, and Ca ii IRT lines.
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activity-sensitive lines are not filled in will be missed out.
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Fig. 6. (continued)
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detection). In the future we will use more accurate and powerful

Frasca et al. (2016) analyzed LAMOST-Kepler stellar spectra with high
signal to noise and by means of the spectral subtraction technique. In
fact, all F, G, and early-K type stars with very prominent activity gen-
erally do not completely fill-in the H, line (thus missed out by our

48

techniques to recover also stars with lower level of activity. We listed
some parameters (names, exposure time, EWs, the heights of emissions
or depth of absorptions and the SN ratios.) of Ca ii K, H, Hg, H, and Hs
lines in Table 3. All parameters are available in electronic form (Cat5)
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Fig. 7. LAMOST spectra normalized to their continuum of cataclysmic variables. Most of them show obvious emissions in the Ca ii H&K, Hs, H,, Hg, H, and Ca ii IRT lines.
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Fig. 7. (continued)
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Table 6
Spectral parameters of LAMOST CV targets.
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No LAMOST name Source period Eclipsing V H, Hg H, Hs He 5706A
d A A A A A
01 J003005.80+261726.3 PX And 0.146353 Eclipsing n 47.738 = 0.868 22343 £ 0.187 - - -
02 J013159.85+294922.0 TT Tri 0.139637 eclipsing v 22536 =*= 0.744 - - - -
02 J013159.85+294922.0 TT Tri 0.139637  eclipsing v - - - -
03 J022536.15+280550.8 RW Tri  0.23188 eclipsing n 57.773 = 1.673 22724 £ 0416 - - -
04 J082236.05+510524.5 BH Lyn 0.155874  eclipsing v 48575 =+ 1.595 28.981 = 0.699 - - -
05 J082236.05+510524.5 BHLyn 0.155874 eclipsing n 47.834 *= 1554 31.258 * 1.158 21.414 =+ 0.294 17.553 = 0.323 10.702 = 0.488
06 J084427.10+125232.0 ACCnc  0.300477 eclipsing n 22379 * 0269 9.479 = 0.010 - - -
07 J090950.53+184947.4 GY Cnc 0.175442  eclipsing v 64431 *= 3.409 50.183 = 8.957 - 7.957 = 2.698 -
07 J090950.53+184947.4 GY Cnc  0.175442 eclipsing v 88829 = 1.379 38984 * 4986 14.428 + 3.892 7.105 + 3.182 -
08 J091551.67+090049.5 GZ Cnc noeclipsing v 107.671 + 1.571 122.196 = 8.896 41.994 * 16.336 25.473 + 1.927 -
08 J091551.67+090049.5 GZ Cnc noeclipsing v 82459 + 3.089 80.579 = 4.181 45246 * 6.104 20.645 * 1.555 -
09 J105430.43+300610.1 SX LMi noeclipsing v 137.391 * 2591 91.108 + 11.738 46.673 =+ 1.277 33.803 = 2.397 29.893 = 10.000
09 J105430.43+300610.1 SX LMi noeclipsing v  90.003 + 0.757  40.821 = 2319 23.165 * 3.365 12156 +* 3.094 17.319 + 2.325
10 J133640.92+515449.6 UX UMa 0.19667  eclipsing v 20.034 = 1.444 4041 £ 0.360 - - -
10 J133640.95+515449.4 UXUMa 0.19667 eclipsing v 16.031 = 0.351 3.559 £ 0.036 - - -
11  J151302.30+231508.6 NY Ser- noeclipsing n 34.072 + 1798 29.661 = 1.869 19.882 * 6.508 15.134 + 3.916
12 J220905.76-034617.7 UU Aqr  0.16358  eclipsing n 60591 * 16.229 26.622 * 1.132 - - -

This table is available in its entirety in machine-readable and Virtual Observatory (VO) forms in the online journal. A portion is shown here for guidance regarding its form and content.

in the online version of the journal. Cat5 lists the EWs of our objects in
these chromospheric activity lines.

4. Chromospherically active stars
4.1. Chromospheric activity

Among the variable star spectra, we found 447 active spectra for
316 active stars (including 178 eclipsing binaries). We identified for the
first time 285 candidate chromospheric active stars from LAMOST
spectra whereas 31 stars were already known to be active (Olson and
Etzel, 2015; Wils et al., 2010; Hoard and Szkody, 1997). We listed part
of the catalogue of the active stars in Table 4. The catalogue for all
active stars is also available electronically in the online version (cat5).
The table includes the name of each star, observation time, exposure
time, spectral type, photometric period, EWs of the H, and Hg emission
lines and their uncertainties. In order to show the observed spectra in
different time, we normalized the spectra of the example active stars. In
Fig. 3, we plotted some examples LAMOST spectra normalized to their
continuum (such as LAMOST J142555.99+141210.1, LAMOST
J220041.66 +271513.5, LAMOST J131714.28-050458.1, LAMOST
J025217.58 +361648.1, LAMOST J104439.08 +260211.4, LAMOST
J131619.83+043628.8, LAMOST J104439.08+260211.4). We
marked their chromospheric activity indicators in the subfigures. There
are prominent emissions in many active stars. For some stars, there are
no emissions in H, line, such as LAMOST J010222.93 + 375506.9, LA-
MOST J033800.72+340112.5, LAMOST J042112.14+4162616.7, and
LAMOST J101001.55-023743.2. However there are emission in Hg or
H;s lines. We plotted these spectra in Fig. 4. For instance, we note that
the emissions of H, line might be deleted as cosmic ray by the LAMOST
data processing pipeline. There are also 12 objects with some emission
in the core of the H, spectral line. We plotted them in Fig. 5, where the
repeated spectra of four objects show chromospheric activity varia-
bility.
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4.2. Chromospheric activity variability

Among 447 spectra of 316 very active stars, we investigated the
spectral variability. We found 86 active stars (including 44 eclipsing
binaries) with repeated spectra. We listed the stars and their parameters
in Table 5. We determine the chromospheric variability using the dif-
ference between the maximum and minimum EWSs of the H, line. Ac-
cording to our criteria chromospheric variability is detected when this
difference is larger than 3 times the corresponding uncertainty. This
method is similar to that for studying the variability of chromospheric
activity of M stars (Zhang et al., 2016). We found 68 of the 86 active
stars (including 34 eclipsing binaries) showing chromospheric varia-
tions. In Fig. 6, we plotted some examples of LAMOST repeated spectra
for active stars with chromospheric activity variability. We listed these
stars and their parameters in Table 5. We need further observations to
better characterize their variability properties.

5. Cataclysmic variable stars

Cataclysmic variable (CV) stars are close binary stars, where mass is
transferred from a main-sequence star (primary component) to a white
dwarf (secondary component) via an accretion disc (Hellier, 2001;
Giovannelli, 2008). There are usually emission lines in their spectra
showing strong hydrogen and helium emissions. Szkody et al. (2002);
2011) detected cataclysmic variables (CVs) from the Sloan Digital Sky
Survey. The LAMOST spectra survey provides a rich database for
studying CVs. Wei et al. (2013) used a novel outlier detection method to
detect unusual and rare spectra from large spectral survey data sets,
likely belonging to CV and Carbon stars. Among the periodic variable
stars observed in LAMOST survey, there are 12 CV stars, with the star
TT Tri having its first spectroscopic observation. We plotted the spectra
of these 12 CV stars in Fig. 7 and list their parameters in Table 6. In the
spectrum of TT Tri, we detected emissions in H, and Hg lines. There are
6 stars having repeated spectra, which show variations in the EWs of
these spectral lines (see Table 6 and Fig. 7). The ongoing LAMOST
surveys will certainly detect more cataclysmic variables in the future.
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Fig. 8. LAMOST spectra of three eclipsing binaries, which show emissions in the H, line.
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6. Follow-up observations and modeling of some LAMOST targets

We have selected some interesting targets from LAMOST survey
according to their orbital periods and chromospheric activity in-
tensities. We plan to characterize them with the photometric follow-up
monitoring and modeling. For the stars analysed in the present paper
we used the 60-cm telescope at Xinglong Station of the National
Astronomical Observatories of China (NAOC) (Lu et al., 2016), the
Southeastern Association for Research in Astronomy (SARA KP) 90-cm
telescope located at Kitt Peak National Observatory, SARA 1-m tele-
scope (Jacobus Kapteyn Telescope, SARA RM) at the observatory del
Roque de los Muchachos, La Palma, Spain (Keel et al., 2017). The ef-
fective field of view of the CCD is about 15-17 x 15-17 square arcmin.
Each telescope has a 1024 X 1024 (or binned to 1024 X 1024) pixel
CCD system for optical imaging, and with the standard Johnson UBVRI
filter system for Xinglong 60-cm telescope, and Bessel system for SARA
RM and KP telescopes. The dates of observations are between the April
and June, 2016. In the present paper, we only show the results for three
targets (DY CVn, HAT-192-0001481, and LAMOST
J164933.24 +141255.0), and we will extend the photometric follow-up
study to other targets. DY CVn was discovered to be an eclipsing binary
from ROTSE All-Sky Surveys by Akerlof et al. (2000) and from the
HATNet survey by Hartman et al. (2011). Qu et al. (2017) obtained
photometric VRI light curves with a gap and obtained their orbital
parameters. HAT-192-0001481 was discovered to be a periodic variable
star by CSS (Drake et al., 2014a) and HATNET survey (Hartman et al.,
2011). LAMOST J164933.24+141255.0 was also discovered as an
eclipsing binary by CSS survey (Drake et al., 2014a).
Pribulla et al. (2012) included this star in their project to discover
exoplanets.

6.1. Short period binaries observed in the LAMOST spectral survey

Among the most active stars in the LAMOST survey, 102 (88
eclipsing binaries) of them have rotation periods less than 0.5 days, and
38 (36 eclipsing binaries) of them have periods between 0.5 days and 1
days, and 169 (54 eclipsing binaries) of them have period greater than 1
days. We determined the spectral types for 16 short period binary
candidates with period less than 0.25 days (12 of them less than 0.22
days). It is important for us to understand the reason of orbital period
cut off of eclipsing binary and stellar theory of stellar and binary evo-
lution (Jiang et al., 2012). There are 3 eclipsing binaries with M
spectral type. More and more researchers are interested in ultra short
period M eclipsing binary (Drake et al., 2014b; Lohr et al., 2013). There
are 7 eclipsing binaries with repeated spectra, and 5 of them show
chromospheric variations. More full-phase coverage multi-filter pho-
tometric observations are needed to improve their binary models. We
present our work on three eclipsing binaries in next section.

6.2. Photometric observations of three short period binaries

Among the short-period binaries with late spectral type components
and evidence of chromospheric activity, we selected three objects (DY
CVn, HAT-192-0001481, and LAMOST J164933.24+141255.0) for
follow-up photometric observations and modeling. We plotted their
LAMOST spectra in Fig. 8. We listed their parameters in Table 7 . We
carried out the follow-up photometric multi-filters CCD observations of
DY CVn On April 16, and 23, 2016 using the 60-cm telescope (Lu et al.,
2016) at Xinglong Station of NAOC with Johnson VRI filters. The ex-
posure times are 120-150 s, 90 s and 50-60 s in V, R, I filters,



L. Zhang et al.

Table 7
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Relevant parameters of DY CVn and HAT-192-0001481, their check and comparison stars, coordinates and magnitudes.

Targets Name Coordinates Mag_J Mag_H Mag_K Reference
Variable DY CVn 13:47:26.90; +17:18:24.0 11.270 10.943 10.880 [1] [2]
Comparison GSC 01460-00003 13:47:03.82; +17:22:05.4 11.353 10.962 10.905 [1] [3]
Check GSC 01460-00206 13:47:28.62;+17:19:09.7 11.714 11.224 11.127 [1] [3]
Variable HAT-192-0001481 16:12:16.68;+41:13:50.9 10.508 9.965 9.679 [1] [2]
Comparison star J161214.57 +410921.1 16:12:14.57; +41:09:21.1 - - - [11 3]
Check 2MASS J161247.38 +411402.8 16:12:47.38;+41:14:02.8 - - - [1] [3]
Variable LAMOST J164933.24+141255.0 16:49:33.24; +14:12:55.0 15.830r 14.754i 14.031i [1] [2]
Comparison TYC 974-890-1 16:49:13.66; +14:07:52.0 10.575 10.267 10.225 [11 [3]
Check 2MASS J164923.74 +141104.1 16:49:23.74 +14:11:04.1 - - - [1] [3]

1. Cutri et al. 2003; 2. Samus et al. 2003; 3. Morrison et al. 2001.

respectively. We carried out the observations of HAT-192-0001481 on
May 19, and 23, 2016 using the SARA 90-cm telescope (Keel et al.,
2017) located at Kitt Peak National Observatory with Bessel BVRI filters
with exposure times of 60 s, 45 s, 30 s, and 30 s, respectively. We
carried out the observations of LAMOST J164933.24 +141255.0 on
June 7, 2016 using the 60-cm telescope at Xinglong Station, and on
June 11, in 2016 using the I-m SARA RM telescope (Keel et al., 2017),
and June 18, 2016 using the 90-cm SARA KP telescope. We used the
Bessel RI filters with exposure times of about 120 s.

We reduced all our CCD images using the IRAF Package. The pro-
cedure included bias subtraction, flat-field division, cosmic ray re-
moval, and aperture photometry. We chose comparison and check stars
near the targets in the same field. The magnitude differences between
our objects and their corresponding comparison star are shown in
Figs. 9, and listed in Table 8. We fit our light curve using a polynomial
function with the least square method and obtained several new light
minimum times and their uncertainties (Kwee and van Woerden, 1956;
Nelson 2007). We listed the new minima and corresponding un-
certainties in Table 9. We obtained updated linear ephemeris as follows:

DYCVn : Min. I = HID2452337.7617(5)
+ 09. 24594930(4)E
: Min. I = HID2453853.9056(6)

+ 09. 30873908(6)E
Min. I = HID2457547.197(7) + 0%. 2555(2)E

HAT — 192 — 1481

J164933.2 + 141255 :

The orbital phases of these three eclipsing binaries are calculated using
these new ephemerides.

6.3. Photometric modeling of three active eclipsing binaries

We used our new CCD photometric multi-color light curves to ob-
tain the orbital solutions for DY CVn, and HAT-192-0001481 using the
2003 version of the WD program (Wilson, 1979; 1990). Because the
light curves of LAMOST J164933.24 + 141255 are quite irregular owing
to short timescale activity, we did not obtain its orbital parameters. We
chose their gravity-darkening coefficients as g = g = 0.32
(Lucy, 1967) and their bolometric albedos A; = A, = 05
(Rucinski, 1973). The resulting effective temperature of the corre-
sponding primary was 4505 = 131 K for DY CVn, and 3403 * 131K
for HAT-192-0001481. We determined the limb-darkening of primary
component based on its temperature according to the JHK magnitudes
(Van Hamme, 1993). For the limb-darkening of secondary component,
we set its initial value according to the temperature of the secondary
component which was estimated to be about 200 K lower than the
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primary component. Then we have adjusted the limb darkening of the
secondary based on the result of the secondary temperature determined
by the WD program. We used Mode 3 (appropriate for contact binaries)
of the Wilson-Devinney code for DY CVn, and Model 2 (appropriate for
detached binaries) for HAT-192-0001481.

Because LAMOST did not obtain the radial velocity curves to get
spectroscopic mass ratio q = My/M; (the secondary divided by the
primary), we used the relation of a mass ratio and the weighted sum of
squares of residuals to search the reasonable results. We then plot the
fitting residual = (O — C)? as a function of the mass ratio q in Fig. 10.
We chose the g value which produced the least fitting residual to be the
mass ratio for each binary system. Using the procedures described in
our previous papers (e.g., Zhang et al., 2015), we obtained the orbital
parameters (orbital inclination, temperature of the secondary compo-
nent, dimensionless gravitational potentials of the primary and sec-
ondary component (Q; and ), and listed them in Table 10. We also
plotted the theoretical and observed light curves of DY CVn and HAT-
192-0001481 and only the observed light curves of LAMOST
J164933.24 +141255.0 in Fig. 9, and the corresponding configurations
at phases 0.25 or 0.75 in Fig. 11. For DY CVn, our results are similar to
the orbital inclination (88°), the mass ratio (1.3), and the luminosity
ratio (about 0.4) derived by Qu et al. (2017). As can be seen from Fig. 8,
the emissions of the H, line suggest strong magnetic activities. For HAT-
192-0001481, there is a remarkable asymmetry in its light curves (The
Max.I is higher than Max.II at phase 0.75). We explained it by assuming
the presence of one starspot on the primary component. The starspot
parameters are also listed in Table 9.

6.4. The first flare observed in LAMOST J164933.24 +141255.0

Many short-period eclipsing binaries observed in LAMOST survey
show strong chromospheric activities with the H, emissions above
continuum. We are interested in photometric follow-up monitoring of
short period (less than 0.3 days) eclipsing binaries with M spectral type
and strong chromospheric activities among the LAMOST targets.
LAMOST J164933+141255 is the first star that we photometrically
monitored. Although there is a bad region in the spectra of LAMOST
J164933.24 +141255.0, we still found it is strongly chromospherically
active. Flares are the sudden and interesting random events of releasing
magnetic energy above stellar atmosphere. It is possible to detect them
in chromospheric active eclipsing binaries by means of photometric
follow-up monitoring. Fortunately we detected possibly the first flare
event in LAMOST J164933.24 +141255.0 on June 11, 2016. We cal-
culated the flare duration to be 2.9469 h. It took about 0.179 h to reach
its peak. The duration covered about half of the orbital period. The
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maximum amplitude of the flare was about 1.482 mag in R filter
(Fig. 12). The discovery of the flare event on LAMOST
J164933.24+141255.0 is consistent with it strong chromospheric
emission. Similar flare events were also found in other eclipsing bin-
aries with M spectral type, such as AD Leo (Hawley and
Pettersen, 1991), CM Dra (Kozhevnikova et al., 2004), CU Cnc
(Qian et al.,, 2012), DV Psc (Pi et al.,, 2014), NSVS 06,550,671
(Dimitrov and Kjurkchieva, 2010), NSVS 07,453,183 (Zhang et al.,
2014), V405 And (Vida et al., 2009), YZ CMi (Kowalski et al., 2016) and
YY Gem (Doyle et al., 1990). However, the flare that we detected on
LAMOST J164933.24 +141255.0 is among the largest detected on low-
mass eclipsing binaries with M spectral type. We will continue to carry
out a photometric follow-up observations of other active LAMOST
targets.

7. Conclusions

Using different photometric catalogs of periodic variables stars, we
selected a sub-sample having stellar spectra in the LAMOSR DR2
survey.

1. We found 15,955 stellar spectra for 11,469 periodic variable stars
(including 5398 eclipsing binaries) from the LAMOST survey.

2. We found 316 active variable stars (178 eclipsing binaries) with
strong chromospheric activities.

3. We obtained the orbital and starspot parameters for two short-
period eclipsing binaries with LAMOST spectra (DY Cvn and HAT-192-
0001481).

4. We detected the first flare event in LAMOST
J164933.24 +141255.0 with an amplitude of 1.48 mag in R band.

Using our method, we detect only very active M stars. We measured
a lower limit on the activity level, as well as the sample of periodic
variable stars considered in the present study is incomplete. Therefore it
becomes meaningless to search for any correlation of the activity level
measured by us in a number of activity-sensitive lines with spectral
type, binary, orbital period. We will discuss them in the future.
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Table 8

New BVRI photometric data of DY CVn, HAT-192-0001481 and LAMOST J164933.24 +141255.0.
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Star name B filter V filter R filter I filter Telescope

HJD Amag HID Amag HID Amag HID A mag

d d d d
DY CVn 2457494.9899 1.025 2457494.9912 0.764 2457494.9922 0.545 2457494.9888 0.215 60 cm telescope
DY CVn 2457494.9941 0.910 2457494.9954 0.737 2457494.9964 0.505 2457494.9930 0.205 60 cm telescope
DY CVn 2457494.9982 0.987 2457494.9995 0.752 2457495.0005 0.526 2457494.9972 0.219 60 cm telescope
DY CVn 2457495.0023 0.919 2457495.0036 0.735 2457495.0045 0.498 2457495.0012 0.172 60 cm telescope
DY CVn 2457495.0063 0.901 2457495.0076 0.714 2457495.0086 0.477 2457495.0053 0.189 60 cm telescope
DY CVn 2457495.0104 0.927 2457495.0117 0.728 2457495.0126 0.475 2457495.0093 0.175 60 cm telescope
DY CVn 2457495.0144 0.930 2457495.0157 0.723 2457495.0167 0.491 2457495.0134 0.179 60 cm telescope
DY CVn 2457495.0185 0.948 2457495.0198 0.729 2457495.0207 0.514 2457495.0174 0.171 60 cm telescope
DY CVn 2457495.0225 0.919 2457495.0238 0.752 2457495.0248 0.514 2457495.0215 0.197 60 cm telescope
DY CVn 2457495.0266 0.944 2457495.0279 0.785 2457495.0288 0.532 2457495.0255 0.207 60 cm telescope
DY CVn 2457495.0306 0.964 2457495.0319 0.791 2457495.0329 0.561 2457495.0296 0.248 60 cm telescope
DY CVn 2457495.0346 0.981 2457495.0359 0.809 2457495.0369 0.579 2457495.0336 0.248 60 cm telescope
DY CVn 2457495.0389 1.063 2457495.0404 0.861 2457495.0413 0.623 2457495.0376 0.277 60 cm telescope
DY CVn 2457495.0434 1.123 2457495.0449 0.905 2457495.0458 0.661 2457495.0421 0.299 60 cm telescope
DY CVn 2457495.0478 1.168 2457495.0493 0.964 2457495.0503 0.710 2457495.0466 0.332 60 cm telescope
DY CVn 2457495.0523 1.215 2457495.0538 1.061 2457495.0548 0.785 2457495.0510 0.410 60 cm telescope
DY CVn 2457495.0571 1.340 2457495.0587 1.155 2457495.0596 0.930 2457495.0555 0.463 60 cm telescope
DY CVn 2457495.0617 1.519 2457495.0632 1.316 2457495.0641 1.058 2457495.0604 0.567 60 cm telescope
DY CVn 2457495.0662 1.638 2457495.0677 1.423 2457495.0686 1.164 2457495.0649 0.671 60 cm telescope
DY CVn 2457495.0707 1.842 2457495.0721 1.555 2457495.0731 1.277 2457495.0694 0.805 60 cm telescope
HAT-192-0001481 2457525.6388384 1.428 2457525.6359940  .769 2457525.6366304  0.109 2457525.6372804 —1.239  SARA90 cm telescope
HAT-192-0001481 2457525.6424684  1.452 2457525.6396440  .710 2457525.6402804  0.082 2457525.6409103  —1.235  SARA90 cm telescope
HAT-192-0001481 2457525.6461083  1.426 2457525.6432739  .706 2457525.6439103  0.113 2457525.6445503  —1.208  SARA90 cm telescope
HAT-192-0001481 2457525.6497583 1.394 2457525.6469239  .728 2457525.6475603 0.123 2457525.6481903  —1.223  SARA90 cm telescope
HAT-192-0001481 2457525.6533983  1.394 2457525.6505639  .730 2457525.6512002  0.118 2457525.6518403  —1.211  SARA90 cm telescope
HAT-192-0001481 2457525.6570583  1.402 2457525.6542238  .725 2457525.6548602  0.091 2457525.6555002  —1.216  SARA90 cm telescope
HAT-192-0001481 2457525.6606982 1.383 2457525.6578738  .701 2457525.6585102 0.098 2457525.6591402  —1.161 SARA90 cm telescope
HAT-192-0001481 2457525.6643482 1.328 2457525.6615138  .712 2457525.6621502 0.067 2457525.6627901 —1.199  SARA90 cm telescope
HAT-192-0001481 2457525.6679782  1.384 2457525.6651438  .738 2457525.6657801  0.102 2457525.6664201  —1.204  SARA90 cm telescope
HAT-192-0001481 2457525.6716281  1.411 2457525.6687937  .699 2457525.6694301  0.122 2457525.6700701  —1.199  SARA90 cm telescope
HAT-192-0001481 2457525.6752581 1.400 2457525.6724337 744 2457525.6730701 0.089 2457525.6737001 —1.189  SARA90 cm telescope
HAT-192-0001481 2457525.6789181  1.458 2457525.6760736  .738 2457525.6767200  0.121 2457525.6773600 —1.185 SARA90 cm telescope
HAT-192-0001481 2457525.6828880  1.360 2457525.6799136  .733 2457525.6805500  0.120 2457525.6813100 —1.197  SARA90 cm telescope
HAT-192-0001481 2457525.7863971 1.439 2457525.6838336  .704 2457525.6844700 0.130 2457525.6851000 —1.187  SARA90 cm telescope
HAT-192-0001481 2457525.7891571  1.393 2457525.7863127  .701 2457525.7869491  0.063 2457525.7875991  —1.235  SARA90 cm telescope
HAT-192-0001481 2457525.7929371  1.421 2457525.7899727  .675 2457525.7906091  0.078 2457525.7913890  —1.227  SARA90 cm telescope
HAT-192-0001481 2457525.7968870  1.415 2457525.7939126  .707 2457525.7945590  0.067 2457525.7953290  —1.234  SARA90 cm telescope
HAT-192-0001481 2457525.8009070 1.373 2457525.7980726  .686 2457525.7987090 0.058 2457525.7993490 —1.245  SARA90 cm telescope
HAT-192-0001481 2457525.8051970  1.367 2457525.8023726  .645 2457525.8030089  0.053 2457525.8036389  -1.266 SARA90cm telescope
J164933.24 +141255.0 2457557.65442 1.614 2457557.65592 0.637 SARA90cm telescope
J164933.24 +141255.0 2457557.65746 1.626 2457557.65897 0.626 SARA90cm telescope
J164933.24+141255.0 2457557.66051 1.631 2457557.66201 0.622 SARA90cm telescope
J164933.24 +141255.0 2457557.66355 1.658 2457557.66507 0.642 SARA90cm telescope
J164933.24+141255.0 2457558.33824 1.498 SARA 1m telescope
J164933.24 +141255.0 2457558.33970 1.511 SARA 1m telescope
J164933.24 +141255.0 2457558.34116 1.5 SARA 1m telescope
J164933.24+141255.0 2457558.34261 1.529 SARA 1m telescope
J164933.24 +141255.0 2457558.34407 1.503 SARA 1m telescope
J164933.24 +141255.0 2457558.34553 1.536 SARA 1m telescope

This table is available in its entirety in machine-readable and Virtual Observatory (VO) forms in the online journal. A portion is shown here for guidance regarding its form and content.
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Table 9

Newly obtained minimum times of DY CVn, HAT-192-0001481 and LAMOST J164933.24 +141255.0 in BVRI bands.
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Name HJD (B) HJD (V) HJD (R) HJD (I) HJD (average) Type
d d d d d
DY CVn 56986.2572 + 0.0012 56986.2576 + 0.0006 56986.2574 + 0.0009 Primary
DY CVn 56986.0871 + 0.0033 56986.0874 + 0.0016 56986.0872 + 0.0025 Secondary
DY CVn 57318.8683 + 0.0008 57318.8687 + 0.0005 57318.8688 + 0.0005 57318.8686 + 0.0008 57318.8686 + 0.0007 Primary
DY CVn 57318.6963 + 0.0004 57318.6959 + 0.0008 57318.6959 =+ 0.0006 57318.6959 + 0.0005 57318.6960 + 0.0006 Secondary
HAT-192-0001481 57525.8948 + 0.0106 57525.8948 + 0.0062 57525.8944 + 0.0039 57525.8945 + 0.0060 57525.8946 + 0.0067 Secondary
HAT-192-0001481 57531.7589 + 0.0497 - 57531.7602 + 0.0046 57531.7598 + 0.0015 57531.7596 + 0.0186 Secondary
HAT-192-0001481 57531.9139 + 0.0102 57531.9140 + 0.0053 57531.9142 + 0.0099 57531.9137 + 0.0059 57531.9139 + 0.0078 Secondary
J164933.24 +141255.0 - - 57547.1968 =+ 0.0002 57547.1977 + 0.0004 57547.1973 + 0.0004 Primary
J164933.24 +141255.0 - - 57557.6797 + 0.0026 - 57557.6797 + 0.0026 Primary
J164933.24 +141255.0 - - 57557.9262 + 0.0036 57557.9393 + 0.0058 57557.93280 *+ 0.0048 Primary
J164933.24 +141255.0 - - 57557.7812 + 0.0046 57557.8028 + 0.0016 57557.79201 + 0.0032 Secondary
Note. Minimum times is that HJD minus 2,400,000 day.
T T T T T T T T T T T T T T
2F DYCwn T
i 1 Table 10
10 i Orbital parameters of DY CVn and HAT-192-0001481.
i ] Star Name DY CVn HAT-192-0001481
_ 08 - E
@© X1bolo 0.532 0.286
3 F 1 Xobolo 0.505 0.286
®oeL m - i X1 0.944 0.655
= ] XoB 0.940 0.655
2 g 1 X1y 0.795 0.622
Fooal - 4 Xav 0.794 0.622
] L] X1R 0.658 0.516
r L T am ® u 1 Xor 0.666 0.516
02l i X1 0.532 0.409
Xop 0.532 0.409
The lowest values of the residual was found atq =1.6 I (K) 45052 3403 a
0.0 N 1 N 1 N 1 N 1 N 1 N 1 N 1 T, (K) 4368 = 14 3331 = 12
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 Q 4.691 =+ 0.007 4.937 =+ 0.060
. Qy 4.691 =+ 0.007 4.342 =+ 0.043
The mass ratio (Mz/M1) q(my/my) 1.600 + 0.003 0.500 =+ 0.050
i(*) 81.916 =+ 0.145 87.867 =+ 0.304
L,/(Li + Ly)(B) 0.460 =+ 0.002 0.701 =+ 0.002
LS e e B T L/l + L)(V) 0.446 + 0.002 0.695 + 0.002
Li/(Ih + L2)(R) 0.434 =+ 0.001 0.687 =+ 0.002
HAT-192-0001481 L/ + L)) 0.424 + 0.001 0.683 * 0.002
F 1 r1(pole) 0.3159 =+ 0.0007 0.2247 =+ 0.0030
- r1(point) - 0.2291 =+ 0.0033
| | ry(side) 0.3300 =+ 0.0008 0.2267 =+ 0.0031
14 | . ry(back) 0.3613 = 0.0011 0.2284 =+ 0.0032
_ | ] ro(pole) 0.3940 =+ 0.0007 0.1610 = 0.0022
S u r1(point) - 0.1645 + 0.0024
i) | L] i ro(side) 0.4164 =+ 0.0008 0.1621 =+ 0.0023
g " ro(back) 0.4448 = 0.0011 0.1640 =+ 0.0024
° . u Laﬁzydewl - 90° a ]
|-E 13L = | ] | Long}tudewm - 252.7 + 10o
gu " Radiusgon - 16.0 + 0.4
aguun § L] Temperatureg,n - 3062 K = 32K
z 0.249 1.04
The lowest values of the residual was found at q=0_5 Parameters not adjusted in the solution are denoted by a mark “a”. The spot latitude 90°
12 L means that spot center is on the equator of the component.
0.0 0.4 0.8 1.2 1.6 2.0 24 2.8 3.2 3.6

The mass ratio

Fig. 10. Relationships between the residual -q for DY CVn and HAT-192-0001481.
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Fig. 11. Stellar and starspot configurations for DY CVn at phase 0.25 and HAT-192-
0001481 at phase 0.75.

0.5 T T T T T T T T T T T T T T
LAMOST J164933.24+141255.0
0.0 |
0.5
(o]
= L
=
< 10}
1.5 RSSO qagqagada
r SARA 1.0m telescope
1 . 1 . 1 . 1 . 1 . 1 . 1 .

0.35 0.40 0.45 0.50 0.55

HJD (2457558, + days)

Fig. 12. The first flare event observed on LAMOST J164933.24 +141255.0. The flare has
a huge amplitude of 1.5 magnitude in the R filter.
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