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Photometric Observations of LO Peg in 2014-2015
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ABSTRACT

We performed new observations of an ultra-fast rotator efsfhectral class K — the LO Peg star
—in SAO RAS in 2014 and in Zvenigorod Observatory of INASAN2@15. The light curves were
used to build the maps of temperature inhomogeneities oh@hBeg surface in order to determine
the longitudes corresponding to the location of activeargi The obtained measurements suggest
the ongoing evolution of movements of active regions andalty the cyclic character of such
movements. According to our estimations, the area of thesstfiace covered with spots decreases
and by now it reached 14% of the total visible area of its sirfaNew observations of the star
in V filter allowed us to specify LO Peg long-term variability ég€. Based on spectropolarimetric
observations of LO Peg the null result for measurements afrtengitudinal component of magnetic
field is obtained.
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1. Introduction

LO Peg is a young star of K3 spectral class. Its age is estaragel0 Myr to
300 Myr (Lépez-Santiaget al.2006). Besides, itis a member of the AB Dor stellar
group (Zuckermaret al. 2004). It has common spatial motion and an independent
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age estimation of 30-150 Myr. Equatorial rotation rate efstar is 65 km/s. This
fact allows us to classify it as a superfast rotator of the $gtectral class.

During recent years many studies dedicated to photometdcpalarimetric
investigation of the star were published. The review of mahPeg properties
presented below is according to the references from (Kaanetlal. 2016).

Effective temperature of the star is 4750 K (Pandéewl. 2005), which corre-
sponds to the spectral class K3. The strong lithium line haémission in the H,
Call H+K lines are observed in the spectrum, which indicatagnetic activity of
the object. Rotational modulation of brightness vari#pil indicative of the pres-
ence of surface temperature inhomogeneities (cold spbthemstar. Photometric
variability of the star was studied by many authors (Jedfeieal. 1994, Dal and Tas
2003, Pandeyt al. 2005, Robb and Cardinal 1995). Results of multicolor pelari
metric observations were published in Pandegl. (2005). The Doppler mapping
of the LO Peg surface was performed by means of high resolgpectral obser-
vations (Listeret al. 1999, Barnegt al. 2005, Piluscet al. 2008).

The most comprehensive study of LO Peg activity was preddmtels in Kar-
makaret al. (2016). It is based on more than 24 years long photometrierghs
tions of the star and includes results of extensive anabfghotometric variabil-
ity, the study of activity cycles, estimations of differexttrotation of the star and
its flaring activity, and, besides, results of analysis ofR€Yy observations with the
Swift satellite.

This article presents the results of LO Peg observation81422015 in Special
Astrophysical Observatory of RAS and Zvenigorod ObsemnyatblNASAN which
have not been included in Karmaketral. (2016). Additionally, we present here
the analysis of LO Peg spectropolarimetric observatioiis thie polarimeter at the
Russian 6-m telescope in order to measure the value of tigélalinal component
of its magnetic field.

2. Photometric Observations and Data Processing

LO Peg photometry has been performed using the data acduyrédte Mini-
MegaTORTORA (MMT-9) wide-field optical monitoring systerBgskin et al.
2010, Biryukovet al. 2015).

The system consists of nine channels equipped with Canob/ER3objectives
and Andor Neo sCMOS detectors with 256@160 64 um pixels, has 900 square
degrees field of view and routinely performs automatic higimporal resolution
monitoring of the sky looking for rapid optical transientssub-second time scales.
In this regime every field is being observed with 0.1 s temjreisolution for about
1000 s, and then the system repoints to the next directiosechto eventually
visit every point of the northern sky at least once per séwags. Before and
after the monitoring, a deeper “survey” images with 60 s expe in white light
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are also acquired. Typical detection limit of these imagesbioutV ~ 14.5 mag.
The white light sensitivity of the detector is a wide bandhnsensitivity peaking
between 4500 A and 7500 A.

We extracted from the data archive of Mini-MegaTORTORA acfed7 “sur-
vey” images covering the region of LO Peg between Jul 31, 241idi Dec 19,
2014. The images were pre-processed to subtract the biasamdt the flat field,
and then cropped from the original size of°2010° to about t x 1° centered
on the object. These cropped images were then used to peditierential pho-
tometry of LO Peg using nearby BD+22 441V £ 9.04 mag) star as a standard
and BD+22 4420 as a control star, analogous to the setup ystast{2011). The
LO Peg brightness measurement precision was, on aver@g@enag.

Besides, an additional photometric observations of LO Pexgwarried out at
Zvenigorod Observatory of INASAN in July 2015. The “VelocelR00” telescope
equipped with a set of Johns@iBVRI photometric filters was used. Registration
was made with the “FliProline 16803" CCD detector. The camenip size is
4096x 4096 pixels, the pixel size being>9 microns. The exposure time was
chosen individually for each filter and night, spanning fratns to 60 s, in such a
way that the amount of ADUs obtained for the star under ingasbn and compar-
ison stars would be about half of the camera’s dynamic ranige field of view of
the resulting frame is 3x 3°. In such setup every frame includes a great number
of objects, giving us a wide choice of comparison stars fiiedintial photometry.
The same objects (BD+22 4417 and BD+22 4420) were used asateasd and
comparison star, respectively, as in observations caotiet SAO RAS. The pro-
cessing of frames was made with tieximDL software package. The processing
was analogous to that of performed on data obtained in SAO. RAK:ision of a
single measurement was about 0.009 mag.

3. Temperature Maps

The method of reconstruction of a map of surface temperathi@mogeneity
is described by us in detail in Savanov and Strassmeier §200&ditional infor-
mation on the map production method can be found in Jaenghah(2008) and
Savanov (2010).

Each of individual light curves, rebinned and averaged2@equidistant phase
bins, was analyzed with th@H code. This code solves the inverse problem of
restoration of temperature inhomogeneity of a star fronghatlcurve in the two-
temperature approximation, in which the temperaturesefthiet photosphere and
spots are fixed. The description of the code and its testimg weesented in Sa-
vanov and Strassmeier (2008). As in Pilusoal. (2008), we assumed that the
LO Peg photosphere temperature ig; F 4500 K, and the spots temperature is
750 K lower (Savanov and Dmitrienko 2011), which is compbratith a temper-
ature estimation of 3500 K (Pilusat al. 2008) of the coldest regions of the star.
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We used the data from the Kurucz model grid. The parameteess@med are the
same as we used in Karmaledral. (2016).

When modeling, the star surface was divided into elemeraeggs of 6 x 6°
size for which the filling factorsf — the unknowns — were determined. Fig. 1
shows results of temperature inhomogeneity restoratiahe®hO Peg surface for
two consecutive observational sets. Note the variabilityndividual light curves
and the difference of their respective temperature maps.
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Fig. 1. Examples of results of temperature inhomogenegtoration on the LO Peg surface from
SAO RAS observations. The surface maps are presented in ma@oracale. The darker areas
correspond to higher values of the filling factbr Observed light curves and theoretical ones built
for the restored model are also shown.

From the built maps we determined the longitudes correspgrd the highest
values of f. In most cases there are concentrations of spots at twotlates
(one of them is well defined, the location of the second onestsrchined with a
large error), which were registered as two independenteantigions. The location
determination accuracy of active longitudes is a star sarfagion with size of
order of 8—-12°on the average (or 0.02—0.04 in units of phase).
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Fig. 2. Example of results of temperature inhomogeneityorasion on the LO Peg surface from
Zvenigirod observations (the notation is analogous toah&ig. 1).

Data presented in Figs. 1 and 2 allow us to conclude that therealifferent
states of the star’ activity manifested during the periodaf observations. The
observational nights of data acquired in SAO RAS were grdupi® two sets: the
first one with duration of 57 d, and the second one — 84 d (35 @nghdtometric
measurements respectively). When transiting from the desto the second one
the shape of star light curve underwent essential changed.gdt of observational
data was obtained in Zvenigorod eight months later. Itstiuravas 12 d. The
light curve shape changed again. Note that the curve shdphe observational
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sets under review are similar to those determined prewdosILO Peg €.9, see
the patterns of phased light curves in Tas 2011).

We used data of photometric observations of the first two @etfyg to build
the surface maps and to analyze locations of active regiimiée the data of the
third set, beside that, were also used to determine the wtirce portion which
is covered with spots and to refine the parameters of LO Pegtlerm variability
cycles.

We presented the detailed analysis of locations of actig@ns on the LO Peg
surface in Karmakaet al. (2016). Three last added measurements indicate the on-
going evolution of movements of active regions and, pogsihk cyclic character
of these movements with the characteristic time 5-5.5 yrteNoat this value is
close to that of the cycles of LO Peg photometric variabiity.2 yr (see below).
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Fig. 3. Top panel Phases of active regions on the LO Peg surface: more aetjrens are denoted
by dark circles, less active regions — by light circl&ottom panel The changes of spottedness of
the LO Peg surface. Spottedness is defined as fraction ofieigated by filing factor.

As the star brightness increased (see the upper diagramy.idf-ithe star sur-
face area covered with spots decreased, and by now it redel¥édf the total
visible surface area (the lower part of Fig. 3).
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Fig. 4. Top panel observations of the star in th&ilter. Middle panel the amplitude power spectrum,

the thin (red) line is for the whole data set, the thick one thaiit observations of 2015. The possible
periods of long term term variability cycles of 2.2 yr, 5.2 yr1 yr and 9.4 yr are marked by vertical

lines. The folding of available photometric observationtha period of 9.4 yr is shown in tHewer

panel
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4. Activity Cycles

New observations of the star in th&filter allowed us to refine the periods of
LO Peg long-term variability. Previously Karmakairal. (2016) concluded about
two periodsP = 2.98 yr andP = 7.44 yr in LO Peg, and noted that to confirm the
existence of the third longer cycl® & 11.8 yr) new data were necessary.

The complete data set of observations of the star irvtfiker, which includes
13907 measurements, is presented in the upper panel of Fighd amplitude
power spectrum built from these data is shown in the middiepaf Fig. 4. One
may notice the change of the power spectrum shape afteigtakiw observations
of 2015 into account. In the region of long-term variabitiycles longer than 5 yr
there are no definite peaks in the power spectrum but the<wp¢lB.2 yr, 7.1 yr
and 9.4 yr started to manifest. As an example the plot of alilable photometric
observations folded with a cycle of 9.4 yr is shown in the @otipanel of Fig. 4.
Nevertheless, the presented 9.4 yr cycle may be relatecetletigth of the main
data segment and 9 yr is also comparable to the gap in obserwdtetween JD:
2449 000-2 452 000. Long term luminosity change on sevenakitales is evident
but it is still too early to consider the obtained values aégible cycle variations as
reliable with present amount of data.

Our recent observations of 2015 have shown that the starsontef its state
of minimum brightness and practically almost reached dgtesas in 2005—-2010.

5. Magnetic Field

We supplemented the study of LO Peg photometric variabilith the results
of our analysis of polarimetric observations. The obsémwal material for the de-
termination of the longitudinal magnetic field,) of the star was obtained with
the Main Stellar Spectrograph of the Russian 6-m telescofA@ RAS. Obser-
vations were carried out on the night of July 27/28, 2012. éDlztion phases for
two obtained estimations ofB;), determined according to ephemerids from Tas
(2011), were equal to 0.90 and 0.12. A circular polarizadoalyzer in combina-
tion with a rotatingA /4 plate were used (Chountonov 2004). The observational
program included observations of the object — LO Peg, anddhaisition of spec-
tra of a standard of magnetic field, as well as stars with zata thagnetic field
which were recorded for the control of measurements. Nateahthe same period
the program of observations of another chromosphericaliyastar — FK Com —
was carried out. We published results of these observaitioRazinet al. (2014),
where the description of the data processing and analyshsoa®were given. Here
we repeat in briefly.

The spectral resolution waR = 15000. The CCD of 2008 2000 pixel size
was used in observations. The obtained material coverspietral range 4386—
4945 A. We performed the standard data processing irMIBAS system using



388 A A.

the ZEEMAN package (Kudryavtsev 2000). The preprocessing includeddin-
struction and subsequent subtraction of an averaged ki firom all operational
frames, wavelength calibration with the use of a Th-Ar lamxtraction of one-
dimensional spectrum and its normalization to the contimuu

To determine the value of the longitudinal component of nedigriield (B,) for
LO Peg, we have chosen a method suggested by Landstree) @@8aiscussed
in detail by Bagnulaet al. (2002). Analogous method was already used by us in
Puzinet al. (2014), Savanowt al. (2013) and Savanoet al. (2011), including
the analysis of polarization observations of the subdwat08 performed with the
Main Stellar Spectrograph of the Russian 6-m telescope @ BAS in 2010 and
2012. The values ofB,) for the standards of magnetic field{ CVn andy Equ)
and stars with zero total magnetic field were estimated bganee method.

As in Savanowet al. (2013) and Savanoet al. (2011), the value of the longi-
tudinal component of magnetic fiel@,) is determined by the ratio of the Stokes

parametery /I from the equation
% e .,1dl
T~ % T, an @)

whereges; is the effective Lande factod is a wavelength(B;) is a value of the
longitudinal component of magnetic field.
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Fig. 5. Results of determination of the longitudinal comgainof magnetic fieldB;) for LO Peg
obtained by regression analysis from observations of Jély2D12. The regression line slope is

proportional to B. The abscissa is a value proportionahﬁ% % .

In Savanovet al. (2013) and Savanoet al. (2011) we argued that in many
spectropolarimetric measurements the choice of the vdlggsoclose to 1 is well
justified. Besidesges = 1.2 serves as a good approximation for spectra of Ap stars
(the standards of magnetic fiet CVn andy Equ). Therefore in this study we
chosegers = 1.2.

As in Puzinet al. (2014), within the context of our investigatiodB;) of
LO Peg was determined by regression analysis. This methogsabbtaining si-
multaneously the errors of regression parameters andeqaestly, the error of
(Bz) . The estimations ofB;) for two measurements are £714 Gs and 14 Gs,
respectively.
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Therefore, we may conclude that we did not detect the magfietd for the
star under consideration (within the errors of our measeresof (B,)).

Note that our observations were obtained for the rotatiasph 0.90 and 0.12.
According to Karmakaet al. (2016), the light curve obtained between the intervals
44 and 45, covering our spectropolarimetric observatimst probably has a wide
minimum (there is no well defined active region). A light cerof similar shape
was registered during observations in 2009 on HID = 2 458664as 2011), but
due to the lack of data, the results of construction of serfinperature maps
should be considered of low significance. As a consequeme@dsitions of active
magnetic regions were determined with a large errors.

6. Conclusions

New observations of an ultra-fast rotator of spectral ckassthe LO Peg star
—were carried out in SAO RAS (with no photometric filter irilgd, in the “white”
light) in 2014 and in Zvenigorod Observatory of INASAN in tdehnson filters
UBVRIin 2015.

The light curves were used to build the map of temperaturernidgeneities
on the LO Peg surface. From the built maps we determined tigitlades cor-
responding to the location of active regions. The obtainedsurements suggest
the ongoing evolution of movements of active regions andbably, the cyclic
character of such movements with a characteristic time 6f5w.

According to our estimations, the area of the star surfazeread with spots
decreases, and by now it reached 14% of the total visibleadriémsurface.

New observations of the star carried out in Wdilter allowed us to specify
LO Peg long-term variability cycles. It was established tiwe power spectrum
shape has changed after taking into consideration new\aigars from 2015.

Spectropolarimetric observations of LO Peg were analyeethie purpose of
measuring the longitudinal component of magnetic field. db&ined results can
be interpreted as evidence of absence of detection of miadiedd in the star.
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