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INTRODUCTION

In November 2015, the Variable Star and Exoplanet Section of Czech Astronomical Society organized

traditional autumn conference on research and news in thedfeldriable stars.

The conference was held in a comfortable spaces of Ostrava Planetarium. In addition to the many contributions
that were presented on site, we had the opportunity to hear lecttirested speakers from abroad via Internet
transmission. All presented coibiutions can be viewed on our YouTube channel.

I would like to thank all conference participants, and all speakers for their presented contributions. | also would
like to thank the Director of Ostrava Planetarium Mrs. Markova and her colleagues fodprgwienues for
conferences and helpfulness to our needs.

Ladislav Gmelcer

president of Variable Star andxBplanet

Section of Czech Astronomical Society

Val agsk® Mey201652 | 2, Januar

NOTES

The scientific content of the proceedings contributions was not reviewed by the OEJV editorial board.
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RR Lyrae stars in eclipsing systems 1 historical candidates

J.LI S KA M. SKARKAZ24 P.HAJ K O¥ R.F. AUER?®

(1) Department of Theoretical Physics and Astrophysics, F e
61137 Brno, Czech Republic, jiriliska@post.cz
(2) Variable Star and Exoplanet Sectorf t he Czech Astronomical Society, Observ
757 01 ValaSské Mezific¢i, Czech Republic
B Brno Observatory and Planetari um, Kravi hora 2,

(4) Konkoly ObservatoryResearch Centre for Astronomy afdrth Sciences, Hundan Academy of Sciences,-HL21
Budapest, Ko n k ol yl7, Himgagyemanek.skatka@csfldnita.hu 1 5
(55 Gy mnazi uRwe ¢Bkronvoi ¢ e, Terezy Novak ov épettrhajkova@entubn.cz2Br n o, Czec
(6) SouthMoravianObservatoryChud ¢ i,66 427 2 V e v eCGzack Republic,tayesSréindold@gmail.com

Abstract: Discovery of binary systems among RR Lyrae stars belongs to challenges of present astéanomy.
far, none of classical RR Lyrae stars was cleaplyfirmedthat it isa part of areclipsing systenfor this reason

we studied two RR Lyrae stars, VX Her and RW Ari, in which changes assigned to eclipses were detected in
sixties and seventies dhe 20" century In this paper our preliminary resultsased on analysisf new
photometric measurements are presented as wellhegesults from the detad analysis of original
measurements. A new possible eclipsing system, RZ Cet was identified in the archive data. Ourrattaysis
indicates errors ifmeasuremestandredudionsof the old data than real chandesall three stars.

Abstrakt: Obj eveni dvojhvézd mezi RR Lyrae hveézdami pat i
klasické RR Lyrae hvézdy nebyl o prokaza6tedbval§smpot vr ze
proto dvé RR Lyrae hvézdy, VX Her a RW Ari, u kteryec
pfisouzenéV ztakmtye Omriispévku j sou pr eazl eorteowédanga hpt edb
fotometr i chkaveyhs | m@ddkegni ni ho rozboru plGvodnich méfeni.

objevit novy moZny z&a&krytpoukgzuesps B8 émnBZcBlBgby PpaBemahnah
starsich dat, neZ na realné zmény u vsSech t¥fi hveézd.

Introduction

Detection ofeclipsing binary (EB) systems with RR Lyrae component has the highest priority in the beginning
of the 22! century. Accordingo the literature and new database of candidates for RR Lyrae stars in binary
systems (RRLyr B,i20Q&n, Lkarkd&2ar)&sevSal &B candidates were identifiedhe

past Many of known candidates were discovered accidentally in photometric data as strange drop(s) in the light
curve—VX Her (Fitchetal,1 96 6) , RW Ar, 1971, W80 & Jisae Minde Dwhgalaxy (Kholopoy
1971), and RZ Cet (LiSka, 2015) .

Systematic search for this kind of EB systems is still limiidhmond(2011), who analysed data for RR Lyrae

stars from MACHO database (more than three thousand objdici)pt succed On the otkr hand, research

based on similar data quality from OGLE projegave promising results S o s z y n(80W3 fourdt3 a |
variable stars in the Large Magellanic Cloud (LMGyhich show pulsating and eclipsing behaviour.
Unfortunately these stars weresoa bl y only bl ends of EB syste2003wi th RR
Pr §a,2e0t0 83l.. S o s(2099rfaurid ianotber objdt in LMC OGL-EMC-03541, which couldalsobe

bl end. So 920M)rdetdcted beghtnessldrem light curves othreeRR Lyrae stars from the Galactic

Bulge, which could be eclipses, but expected orbital periods are unknown. They also revealed the best studied
candidateOGLE-BLG-02792 which, unfortunately does not contain a classical RR Ly@emponentThis star

became a prototype of a new class of pulsating st&#88 nary Evol utionary ,RUP,sators
Smolec et a).2013).

The number of candidates is still very loggardingtensof thousands known RR Lyrae stars. Therefsearch
for new objects and confirmation of all known candidates is very desirabléhis study we preserdan
investigationof measurements dhe EB candidateswhich were revealed on the historical photetric data
(VX Her, RW Ari, RZCet), becauseletaiedanalysis of these objedsmissing.
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Observations and analysis

We used original photoelectrldBV measurements for VX Her from Fitch et al. (1966) and for RW Ari and

RZ Cet from Bookmeyer et al. (19774n addition, we used data from ASASdatdase (PojmanskR002) for

VX Her and RZ Cet. In RZ Cet also data from Sturch (1966) and Epstein (1969) was investigated. To complete
available data webtained new CCD observation$ RW Ari and VX Herat Masaryk University Observatory
(MUOQO) and Brno Observatory and Planetarjuooth in Brng Czech Republic. Old photoelectric datasv
compared withthe newest CCDmeasurementsPhased light curves were reconstructed for all stars and phase
shifts caused byperiod changes were reduced. More details inL i § k a e t, orawlill .be preReditlirb )
forthcomingpaper

VX Her

Variability of VX Her was discovered by Raymond (see Camp&dHickering 1917 based on photographic
measurementswho determined pulsain period of 0.365 dwhich is Xday alias ofthe correct period. The
period was refined by Esch (1918)0.456 d.

Fitch et al. (1966) obtained photoelectric photometiy BV filters for VX Her in 5 nights. The brightness of the

star was anomalous in erof their observing nights. It was about 0.7 mag fai(iteivV-band) than in normal

minimum and its brightness was almost constant. They proposed eclipsing binary hypothesis for explanation of

the obsened brightness depression. Their study is probalgefitbt publication in historywhere eclipsing

behaviour among RR Lyrae stassmentioned. It is quite surpitg that for a long time no other study was

focused on binarity of VXder. Until now, probablyonly Perry et al. (2015}ried to detect eclipsein a

systematic waybut their dataset is not sufficiently homogeneous and exter@ive attempt to test binary
hypothesis using analysis@Cdi agram i s described in LiSka et al. (2

For this study w performed detad analysis of data from Fitch et al. (1966) and compared it edthresults

based ontMUO and ASAS3 (V-band) dataWe found that in the strange nigftD 2439217)the star had
constant brightness despite the falgatits brightness should increasmvards maximum Fig. 1,the left panél

Colour changes diffeof about 0.1 mag iB—V and U-B than in normal nights (Fig. heright pane). It can
correspond to different colour ttie secondary component, if the binary hypothesigifl. Nevertheless, #se
distinctions can be explained also by fault identification of measured star in the night JD 2439217. For example,
there are 3 stars Baclose vicinity of VXHer (closer tharl 5,‘'which have similar brightness and colour indices

(see Tabld). The mossimilar is TYC 1516155-1. In addition, our photometric data shows variationlarger

than 0.02 mag.
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Figure 1: The light curve of VX Her irV-band from Fitch et al. (1966), ASASdatabase and our observatiphased with
pulsation period (the left panel). Variations in colours in observations from Fitch et al. 1§68n and red crosses mark
B—V andU-B indices from the night JR439217.
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Table 1.Stars inthevicinityof VXHer( up to 15°‘) wi th s i(imiD243021bCoordinatésrmmls s as VX
magnitudesveretaken from SimbadatabaséWenger et al. 2000).
Star Angular distance[ § RA["™Y |DEC [ A V[mag] | B[mag]
TYC 15101491 3.2 16 30 27.66| +18 22 46.7| 11.74(13)| 12.65(21)
TYC 15106361 7.8 16 30 20.51] +18 28 09.2| 11.93(15)| 12.13(12)
TYC 151061551 11.2 16 30 05.56) +18 29 29.9| 11.82(13)| 12.31(15)
VX Her (JD 2439217) - 16 30 40.80 +18 22 00.5| 11.80(3) | 12.35(3)
RW Ari
RRc typestar RW Ari hasa similar historylike VX Her. Detre (1937) found its variability on photographic
plates and established incorrect period of 0.261415%dhylalias). Notni (1962) determinedrrect value 6
0.3543184 d.
For our goa) the most important studg the paperbWi $§ ni e ws ki (1971), wiRWAobtai ned

in 19 nights (measurements were published later in Bookmeyer et al. 1977). Behaviour of the star was
anomalous in three nights, in JD 2439384 and 243950&s fainterof about 0.6 madin V-band), and in
2439411 onlyof about 0.1 mag thaim normal stateHe proposedthatthe variation is caused by eclipdeg

another object in the systenand the deeper and shallower drops are primary and secondary minima,
respectively. He estimatete orbital periodas3.1754 d. Accordingo thecolour changes during primary eclipse

(in JD 2439384B-V was growing with decreasing-brightness)Wi $§ ni e ws Kk i estimated t
component is bluesind hotter than RW Ari

Severaluthos tried toconfirm EB hypothesisf RW Ari. Woodward (1972) and Sidorov (1978) independently
found brightness depressiohabout 0.2 mag in one night in photographic data from Detre (1937). On the other
hand, Penston (1972), Edwards (1978), Goranskij & Shugarok®)I1detected nothing unusual in their new
observations and their results do not support the binarity of RW Ari. Another strange findiegfrom Dahm
(1992)and hisnew anal ysi s of (publisteedinfBookmeyewat al.ri97&)wDathkm fountbre
atypical variations in anothahree nights (depressions and extreme brightening, see his Figs. 1 and 2 or our
Fig. 2). Dahm determined different valuetb& orbital period(4.639094 gibased on the data.

Our analysis shows that measuremefitRW Ari in Bookmeyer (1977) were mistakenly mixed with the adta
UU Boo (see Fig. 2). Dahm (1992) did not notice the problenttauehe came to meaningless results.
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Figure 2: The light curve of RW Ari inv-band from Bookmeyer et al. (1977) and our observatdUO phased with the
pulsation period, theed part of the curve belongs to UU Bdthe left panel). The light curve is similike the curve in
Dahm (1992)After the selection of data only for RW#i the light curve is the same as obtaifgdVi $ ni e ws ki

We reconstructed the variations in RW Ari with subtracted pulsationlady asWi § ni e ws k i (1
We found that changes were differentBnand U than forV-band. In the nightd 2439384 brightneswas
decreased in all filter&ip to 0.6 mag)but in JD 243950%he starwasfainter of about 0.6 maip V-band and in

(1971) .

971) pe

U andB-band RW Ari wasevenbrighter than usuallyvas(see Fig. 3). This strange behaviour indicates some
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modulation which waslready expectetty Edwards (1978). No sign of eclipse with amplitudeger than
0.04mag was detected.
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Figure 3: The light curve of RW Ari inUBV-bands from Bookmeyer et al. (1977) after subtraction of mean pulsation
changes and phased with orbital period of 3.17%the left panel). The detail dhe primary minimumin the rightpanel
shows completely different behaviaarU andB filtersin the night JD 2439505.

RZ Cet

Variability of RZ Cetwas found by Hoffmeister (1929) on photographic plates. Later Zessewitsch (1932)

determined pulsation peri@s0.5105dBi nar i t vy

of

et al. (2015) on the basis of variationQRC diagram.

RZ Cet

wa s

di scussed

Photonetric data from 7 nights for the star is availahleoin Bookmeyer et al. (1977pata fromone of their

nights (JD 243974%is anomalougaswad i r st | y

me n(R0l%). M he dightnass ol theSstiaras of about

0.4maglower in V-bandthan usualf is (Fig. 4,the left panél This could beexplainedby eclipse. In this case
the colour of the star during the eclipsethe same as in the normal nights (Figthk right pane). There are

also some discrepancies in Bookmeyer et al. (1977) and ASd#efa in phases 0-71.0 which could be related
to the Blahk o

period determination.
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Conclusiors

We present analysis X Her and RW Ari, the historical candidatfes EB systems with RR Lyrae component.
New photometric data asobtained for both stars. Weentifiedanother possible EB systeRZ Cet.

Our study brings somnterestingfindings. Brightness dips for all three stars were recorded by the same
observing group iwasamdmber (publaticndyi Fei vt sckhi e t al . 1966, Wi §
Bookmeyer et al. 1977). The photometric measurements were obtaireditglechannelphotonete in UBV

filters in Arizona Catalina observing stations bPL). The observing strategy was the sdoreall three stars-

no comparison star was used. Observers used only standard starthdrtist Johnson &Harris (1954).
Unfortunately, most of the 108 standard stars are includedeirinternational Variable Star Indexth note

“suspected from variability For example one extremBe staaVlR9d Agle “st a
( X~ 1mag). For this reasn the brightness drops could be also caused by variability of the"stsattiard

stars.

The brightness dips were detected in a very short interval from April 1966 (VX Her) to September 1967
(RZ Cet). It is very improbable that all three RR Lyrae stagsEls, becausehe group observed only about 200

RR Lyrae stars. High amplitudes of "eclipses” are also highly improbable (VX-Bét mag, RW Ari- 2 times

0.6 and 0.1 mag, RZ Cet0.4 mag). In addition colour variations during "eclipses” in VX Her BRWd Ari

differ significantly, in RZ Cethe colouris normal. Proper confirmation of ecligstr all mentioned stars ag

not performed yet. Our observaticgsocontain no sign of eclipse

We will present a detailed analysis of the VX Her, RW Ari and@®Z data in our forthcoming pajis)
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PHOEBE i step by step manual
P. ZASCHE?!

(1) Astronomical Institute, Faculty of Mathematics and Physics, Charles University in Pragi80@B Praha 8,
VHol eSovi ¢ckach 2, Czech Republic

Abstract: An easy stefby-step manual of PHOEBE is presented. It should serve as a starting point for the first
time users of PHOEBE analyzing the eclipsing binary light curve. It is demonstrated on one paitiadhed
system also with the downloadable data and the whole procedure is described easily till the final trustworthy fit
is being reached.

Abstrakt: Jednoduchy manual PUPHPEBBUZMUuateléopt
pro toho, kdochceanl yzovat svételnou kfFivku zakrytov
konkr étni ho ouwwWd&dtemé hot &Slyrsutéel nych dat a ke
divéryhodného fitu.

Introduction - PHOEBE

PHOEBE (PHysics OEclipsing BinariEs) is the program used for modelling the light curves of the eclipsing
binaries and the radial velocity curvéts computing core is based on modelling the Roche geometry using the
Wilson-Devinney (977 algorithm and its recent modifi¢ans. It is beingdeveloped more thamlyears by the

team around Andr ej PrSa (see e.g. Prsa & Zwitter 200
more physics and effés than the original one and atédl in development.

The mostupdated version of the code can be downloaded from the websites of the.project

The authors provide some stable versions for the various platforms (Linux, Windows, Mac), while there are also
some development versions and one can easily joirttehelopment team helping to build a new stable version.

Here for the purpose of this manual we decided to use htlgliglder version from 2012, which can be
downloaded fronour websité.

While the data for modelingan be downloaded via this lifk.

We deided topresenta stepby-step manual how to use the PHOEBE code on quite simple example of the light
curve for one detached eclipsing binary located in the Large Magellanic Cloud from the G&ldzyK et al.

2011 database. This is due to the fact tinet detached binaries are relatively the easiest for modelling, the light
curve is wellcovered in time and also symmetric.

Using this manual one should be able to use the PHOEBE for modelling the eclipsing binary, at least some
“easy one. If one has thesliable photometric data and knows the orbital elements for the binary, it should be an
easy task to follow the stdpy-step instructions below and obtain the final trustworthy fit to the data. The whole
manual is divided into several sections, followthg procedure of the analysis.

Step 1: Preparing the data

The data acquisition is the very first task to do, however we believe that the user already has the photometric
data for the particular system. It is recommended to have the data as precisebies poseiring several orbital

cycles of the system. What is also recommended is to have the data transformed into the standard system that
one is able to compare the magnitudes with some other photometry. However, PHOEBE is also able to model
the system hang only the relative magnitudes (differential magnitudes to some comparison star), but one
cannot obtain some results on the physical characteristics of the comp@engrlly, we can say that evihie

differential magnitudes can.

1 http://[phoebe - project.org/
2 http://sirrah.troja.mff.cuni.cz/~zasche/phoebe.zip
3 http://sirrah.troja.mff.cuni.cz/~zasche/OGLE_10220.dat

10
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The photometric datshould be stored in a separate file with two or three columns. No header is needed. In these
columns there should be the Julian Date (heliocentric, in the first column), the magnitude (absolute or relative) in
the second column. The third column with #weor (uncertainty or weight) is not obligatory. All the numbers
should use decimal point (not comma).

What is also needed is the linear ephemerides of the binary. At least the orbital period is needed, the initial HID
can be estimated in the program sh{ the light curve in the -axis. The PHOEBE code is not the tool for
deriving the orbital period! If one has the data acquired over many orbital cycles of the binary, it is much better
case and the results can be much more significant.

Step 2: Startingthe program

If we have the data and the ephemerides of the binary, we can now proceed to the program PHOEBE itself.
Installing the PHOEBE on Windows computer usually does not bring any problems. Running the program and
skipping the first welcome screen omnas to set some parameters before the start of modelling. At first all paths

to the particular directories has to be set. This can be done also later by clicking on -Be¢fiegmces. It is

advisable to leave almost all of the directories on the defauV a | ue s . Working directory
while the data directory can be left to the default one (data subdirectory in the PHOEBE directory), or can be
changed to some your data directory, where you have stored all of your relevant files. Téharkembng tables

should be set to the PdOBBIB dtialkelcasorlyoc dtne dt hien “tolpda i ‘o
changed the units of angles (degrees or radians).

The whole work with PHOEBE is very easy and relatively intuitive. We start thighdefault values of
parameters and mostly clear spaces in the first window. There are four different tabsRBetmeters Fitting
-Plotting) in the wupper “Tab1”, see figure 1 bel ow.
different nodes of the program.

* PHOEBE - ogle10220 e -5 y

Eile settings Help

= B B g & 9

Open Save LC Plot R Plot Fitting Settings Quit
Data Parameters | Fitting J Plotting ] _ TAB 1 “
Results summary
Ephemeris ‘ Systern I orbit i Cormponent J Surface I Luminosities I Limb Darkening I Spots I w TAB 2 I &
P t A
HIDO - Origin of HID time parameter |value |
Step: Min: Maix: 0L,
0.000000] O z = - . . 35430000
0.000100 - -10000000000.6% 10000000000.0 5
= = 0iL,) 3.206796
PERIOD - Orkital period in days
— Step: Min: Max: My 6.717645
10000000000 g o 0.0001000000 |+ 0.0000000000 |5 10000000000.0f%
. . 1 - My 6.717645
DPDT - First time derivative of period {daysfday}
— O Step: i Max: Ry 1.1122238
00080000000 g 00000010000 |5 ~1,0000000000 |5 1.0000000000 |
= Ry 1.112228
PSHIFT - Phase shift
— Step: Min: Manc: Mbal1 4.348796
000000 - n 0.0100000000 |+ -0.5000000000 |5 0.5000000000 |5 =

Fitting summary

Parameter |\/a|ue ‘Step ‘Min

[Configuration aborted.

Figure : The wi ndow of PHOEBE with the parameters as appears on

and “Tab2” refers to two different sets of switching tabs (
The firsttabisnameti Dat a” and is used only in the beginning fo
“Parameters” and this one is being used | ater during
shape of the light curve appears there whetkdicng on t he second “Tab2” (see fic
parameters which can (or should) be fitted with PHOEBE during the fitting process. The third tab in the upper

“Tabl” is the option “Fitting” a ntidg ptodesssAndfinadly, ifoybuvi ou s | vy
want to check whether your fit is OK, or still needs

where you can see your light curve, its residuals, or the radial velocity curve, or even the 3D shalpiearythe
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Step 3: Input the data

The process of recording the data to the program is
concerning the input can be done. You should type th
namédhen-t he “LC data” space is for your input. 't means
via c¢clicking on the button “Add” on the right. Ther e
Type the name of your dataset here onfther st | i ne (e. g. “ogle” in our caseé¢
computer. Be careful about the structure of the file with two or three columns. If we follow our testing example

of the OGLE data, we can see the three columns below. It means tai thest one i s the “Ti m
second is the “Magnitude”, and the third one is the ¢
the “standard deviation” instead of the ori gyowmal one.
can also use “unavailabl e”. On the right there are a

can also be left to the default value of 0.01. This value makes some sense if you have different datasets and you

can set a different welig to them. If you have only one dataset (e.g. observation in one filter), this number

almost makes no differencelowever, it modulates the final ebguare value (cost function), and could also be

used when you have the light curves together with thmlradlocity curves and you need to assign different
weights to both datasetd.nd f i nal | vy, the last “Filter” option all o)
observations. OQur telstfiinlgt erx’a.mpll fe y @ weohfiDaiuaediitdl®wulce t hi s,
appear in the main data window. Using this method you can upload there many different daasetferent

photometric filters, data from different observatories and different instruments, etc.

There are many other optionsi t hi s tab “Data”, but we will | eave the
first one is very important option named “Model” (upj
of your system which you have. Thasiesseems to be the tdeched configuration of the system. Sometimes it

is evident that the binary is of WM t yp e, hence it -dosntparcalbla bdas es.omeo w

distinguish which configuration is a right one is not easy task and one needs usually some modwaling. O
possibility is to perform a few fitting steps and then to switch to the correct configuration according to the
solution (the solution seems to converge to too low values of potential, then the systemdstaeh@d or
contact). In our testingexampel ease set the “detached” binary case.

The second one is the parameter at the very bottom of
magnitude. Setting this value to some proper value can be done via a following method. Switch to the
“Pareamet® tab and the “Ephemerides” tab there. l nput
original one. Here for the case of our testing OGLE star the period is 2.007940 days. Type this value to the
“Period” field. No w rwaa reabynshow the echpsing tightt chreer Switcli to the
“Plotting” tab, where at the bottom should appear yol
in the smal./l box for the “obser ved"synthatigdnd is stilluawaye (t he
from our correct solution). And press the “Plot” butt
for this system with two minima of different depths, but rather-dlethched (clearly shaped eclipses and the
outsideeclipse phase). However, this light curve is plotted only with thexyi s i n “ Fl ux” . You ca
magnitudes (upper part of the window) and -aguis.¥ms “Pl ot
can check what value of magrdeiis at the quadrature (near phase 0.25 or 0.75). Zooming the plot or checking

the values of the actual position of the mouse pointer (right bottom corner) is relatively easy task. So, we can see

that the quadrature magnitude is of about 13.90. Thisascek | y t he val ue which shoul d
magnitude” field in the “Data” tab. So write there 13

However, it is advisable to mention here that whatever parameter you would like to change, you have to type
your new value of the parameter, buhen do not forget to press “enter” (
Otherwise your new value will not be stored in the PHOEBE.

Now you can check that your new value of the zero ma
light curve ofyour system. However, switch theayx i s back to the “Flux” units. )
OK) the magnitude near quadrature should be very close to 1.

Nevertheless, we can see that our primary minimum is not placed in the phase 1.0 (or 0.0)veotavelange
the ephemerides of the system. This can be done via changing the HIDO value, which can be found in the tab

“Par ametbeprhse'mer i des” . The correct time of the initial
val ue t o t hmakes thelight curveplotixOrrectly centered to the 0.0 at primary minimum. We can
omi t the term 2400000 because also the input data w

inputtingthe data and check in which format the data are.
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Nowwecanc heck how good our iinitial fit is. Go to “Plott
tick there. I f both observed and synthetic curves are

fit is. We can see two problems. At firgshe theoretical (synthetic) curve is too badly sampled. To make the
whole curvesmoothey change the number of vertices (upper left corner of the plotting window). From the
original one (100) change to some higher value (e.g. 500 or 1000).

The second ptdem is that the theoretical curve is away from the observed data. It means the total luminosity as
assumed by the PHOEBE model is too high and we have to shift it to lower values. This change can be done in
the “Parameters” t ab,” whaebr earien tthhee ““plLausnsibnaonsdi tli tersi no s
secondary. I f we double click on the particular 1line
the current primary luminosity value and possibly change it. So we can try tgecitaio 11, and to check

whether there is some different in the plot. It seems like it is still too high. So change it to 10, or 8, or even 5

(and confirm it with pressing enter). We can now see that the synthetic curve is much closer to the observed data

but its shape is still very different.

Step 4: First fitting steps

We can now try to compute this best value of | uminosi
is a small clickable box just next to the parameter itself (Primary lumyholf we click on this field, there
appears this one particular parameter in the “Fittincg

that we have placed one parameter into the fitting procedure.

Now switch to t heucarsedaourifiratgdrameter btored. W heeerisavrittgnothe initial value of
the parameter (e.g. 5.000000 what we have manually set there), and the new value is still zero as well as the

error. Now we can proceed t o thane sideGfahe windova Pressingbhist t on |
button once, there appears some new values on the screen. The computation ran only a while, and some new
value as well as its error are given in the (fori el d. M

the testingDGLE example it is of about 29.7)Keep in mind that now the value stored in PHOEBE is still the
old one and nothing was done to the fit. To update the value of the parameter you have to press the button
“Update al | ” . updaté button, therastillioe stosed the ohigenal values!

Doing this kind of fitting you can shift the cost function (something like a goodness of fit) to slightly lower
values.In the case of our testing OGLldystem the cost function value decreased®&2 We can now check
that the fit is still poor when compariiigwith the real data.

However, the problem is that the real eclipses are much more wide and also much deeper than our fit. The depth

of eclipses is obviously the problem of the inclinatidrthe binary. As we get closer to the®9@ve will get

deeper and deeper eclipses. -“Wey sctaenm”t,r ywhietr ei n -st hheh et avl
inclination in degrees. From the starting value of @ can manually change it to 85 (andgsiag enter for

confirming). Now check what happened in the plotting tab. The eclipses are obviously deeper. So change it to
some higher value, e.g. 88

But what about the width of the eclipses? For the duration of the eclipses there plays a sigoificaet sizes

of the components. In the PHOEBE there is no radius parameter, but the radii of both components are stored in
the parameters | i kePOTIRROF2grimaayraind s€écdhdal gurfacé potentials) stored in

the "“Pa+f oentmetmie” From t he original v a | i.e.oweothe valle, we c an
bigger the star). Change both PHSV and PCSV values to 8 and take a look what happened with the plotting
window. It seems like both eclipses are now wider. Now if we Gttt potentials to 6, it seems like the widths of

both eclipses are OK.

What is still problematic is the difference between the depths of both eclipses. This is due to the fact that in our
solution both components have the same temperatures. It is obhabiise two components are rather different,
hence also their radii and temperatures have to be different.

So the task is to fix the primary temperature and to fit the secondary one. Using the PHOEBE and having the
photometryonly, one can only derive ghtemperature ratio, not the primary temperature itself. Its value is
usually quite problematic to derive. We can s<et the |
“Component” tab) wusing the spectatometrindiced (liké (B/g &/t t he pt
R), or (RI)) can be found in various databases in the CDS. For example for many galactic sources up to the

4 However, this value always depends on the sigma for the particular dataset
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magnitude 15 there is quite a common way of estimati
catalogue amh the JHK infrared magnitudes. The link between some spectral type, temperature and the
photometric indices exigbut | have to emphasize that any such relation is viable only for the main sequence

stars)®

Therefore, for the purpose of our testing extarpere we can set the primary temperature to 20000K. Now we

can see how the fit changed. Goi ng b a-<cchklculate uptater “ Fi t t
again the primary luminosity parameter. Checking how the fit changed we can jidgeckvis our fitting
process going to the better solution or not. In the ,
can see that its value is now much lower than originally.

Step 5: Several comments

Of course incorporating anotharore and more parameters and changing their values one will get closer and
closer to the final fit and the residuals will be minimal. However, before proceeding to fitting more parameters in
one step | would like to point out several other issues.

At first — you are able to get the final fit in PHOEBE also with absolutely incorrect parameters. There are too
many free parameters (degrees of freedom) that also an incorrect combination of parameters can led to the end. It
means the cost function will beimmal, but the parameters will be odd (nonphysical, out of physical limitations,

or anyhow wrong).

Secondly, there is advisable to obtain as good starting fit as possible manually (shifting the parameters by hand
and checking whether the final fit is battonly by a naked eye). As closer you will get, as much time you are
able to spare during the automatic fitting process.

Sometimes the fitting process diverges away from the correct solution and the cost function will rapidly go up.
Sometimes you are nable to return back and reproduce the original (and more probable) values. Therefore, it is
advisable to save the working file after each successful iteration of the fit. Saving can be done clitkang on
“Save” button.

The better the fit you are trying tachieve, so you need many different parameters to converge. On the other
side, also many physics have to be considered and sometimes some or your original assumptions can be found
odd (for example eccentric orbit instead of original circular one, pressrspotsetc.)

If you need to construechuch more detadd model of the system, you also need to increase the number of data
points on the surface of both components. | t- can be
“Component leftrcornterh(lenowh astfineama coarse grid raster). You can shift these values from

the original ones 20x5 (for both components) e.g. to 35x15. It will achieve a better fit, but also much increases

the computing time required for each iteration.

”

There arestill some parameters which we were ignoring until now. If we have the circular orbit, then the
parameters like eccentricity, argument of periastron and the first time derivative of periastron can be ignored.
What easily cannot be ignored are the pararadilez synchronicity parameters (F1, F2), the albedo coefficients
(ALB1, ALB2) and the gravity brightening coefficients (GR1, GR2). On the other hand, what can be ignored if
you have only the photometry is the V&a&nter of mass velocity, SMéenmmajor axs, and RMmass ratio?

If you have only photometry and no radial velocities, then exactly the same fit can be obtained with very much
different values of the semimajor axis. More complicated situation is with the mass ratio. Generally, the value of
the masgatio cannot easily be computed if you have the detached system. If you have some semidetached or
contact system, some derivation of the mass ratio only from the photometry can be done, butt@#mtynise

usually rather high. However, you have to leeywcareful when fitting the mass ratio in PHOEBE.

Concerning the synchronicity, albedo and gravity brightening coefficients, the situation depends on the particular
system and quality of the input data. If you have a super precise data from the Kegliée, sgdu can fit

(almost whatever you want). On the other hahgbu have standard data with 0.01 mag precision, some of these
parameters should stay fixed during the fitting process. Generally, it is advisable to follow this scheme: if you
have a stahaving the convective envelope (cca T < 7200K) then fix ALB=0.5 and GR=0.32, on the other hand

5 http://lwww.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK_colors_Teff.txt
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if you have radiative atmosphere (T > 7200K) then fix ALB=1.0 and GR&U€y 1968) You can try to fit the
F1 and F2 values, but sometimes is better to ldam@ to the default 1.0 values.

Regarding the limb darkening values, it is also advisable not to fit them but interpolate them from the tables (van
Hamme(1993)or the PHOEBE itself, as set in the preferences).

Another parameter not mentioned earlierhset “ Thi rd | i ght ", which represents
the total luminosity at all phases of the binary. It could indicate some hidden component in the system or some
another star in the aperture. It can also be derived, but only very carefully

Sometimes it can happen that some of the values converge to rather nonphysical values. E.g. the third light,
albedo or potential to negative values, temperature to surprisingly high values, etc. If this happens, it is advisable
no to update this fittingtep, but return to the previous one. Such a value only shifts your solution away from the
minimal cost function value and makes your fitting process too long.

One can also switch on some additional effects. This can be for instance the reflectionireffeet thb
“Luminosities”). This effect is sometimes visible in
is being weHlnoticeable in the light curve shape as a high curvature of the cetdigee variation. However,

sometimes t swikching on extends the computing time significantly (especially for multiple reflections).

Applying all of the abovementioned rules and following these instructions (leaving the fixed F, ALB and GR
values to 1.0) and fitting the other parameters for otinge® GLE example yielded the cost functigalue toof
about 0.22.

Step 6: Further fitting

Now we can proceed to the final step in the fitting process. Of coamseis able to fit simultaneously several
different parameters in one step. However, iather bit tricky and one has to be very careful.

Clicking a tick mark next to the particular parameter one can add different parameters into the fitting process. On
the other hand, it is advisable to start only with one parameter (after manually stiéirnglue) and slowly
increase number of simultaneously fitted ones. The experience after analyzing several hundreds of eclipsing
binaries tell us something about a suitability of fitting selected parameters with some others.

For example we can try to fgrimary luminosity together with the inclination. After several steps of fitting
(calculateupdate) we can try to use a combination of primary potential plus secondary temperature or secondary
potential plus inclination, etc. Slowly adding more parameigrswill be able to force the program to desse

the cost function to lower and lower values.

It is advisable time to time save the working file as well as to interpolate the limb darkening coefficients from
the tables.

And finally, if we are still unsasified with the solution, and obviously there are still some systematics in the data
which are not able to be described with the medek can try to use also the other fixed parameters carefully.
For example here the F, ALB, and GR values. If | try t@lfio these values, | will get the cost function for our
testing example of about 0.047 only (which is the minimum | am able to get).
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Figure 2: The plot of the final fit for our testing OGLE example as provided after the PHOEBE fitting.

Generally, wecan divide all the parameters into two sets. The first one is the set of very important parameters,

which could also be roughly estimated by a naked eye and very significantly changes the shape of the light
curve. These are mainly the luminosity, inclinati ratio of the temperatures and both potentials. On the other
hand, there awmedalrso pahamesecsndwhich cause only sl i
These can be fitted by PHOEBE (very carefully), but only after successfulgiging the parameters from the

first group. If one tries to find e.g. the parameters like albedo with incorrect value of e.g. temperature, the

program will converge to some wrong values and the whole fit would diverge away from the minimal cost
function alue.

Until now there was not even mentioned that some of the parameters which are being fitted in one fitting step

can correlate with some others significantly, hence it is rather problematic to fit both of them in one fitting step.

For example the inclation and the value of the third light usually correlate with each other, or the temperature

and the potential also. For this purpose it is advisabletouseaso!l ed “ Covariance matri x”
matrix). If you have several parameters in ybiting window and press the calculate button, then you can also
click on the “correlation matrix” button at the | eft
between all of the fitted parameters. On diagonal of your matrix there sh@wldly values 1.000, but the other

cells of the matrix should tell us something about our in/appropriate parameter selection for the fitting process. If
there appears some higher number (e.g. higher than 0.8), it is advisable to take care of thati@orobina

parameters for the fitting and remove one of the parameters from this fitting step. If you would not follow these
correlatiors, the program would diverge away from the right solution.

One can also ask what physical parameters of the componentshta binary system can be reached with
PHOEBE, or what can be learned about the components. Unfortunately, having only the photometry with no
radial velocities, it is quite problematic. The semimajor axis as well as the radii in absolute units, agheell as
masses are unreachable with pure photometry. It means that having the period of the binary, with the PHOEBE
fitting one is able to get the inclination, the temperature ratio or the temperature of the secondary (if the
primary’ s t e mp ahe aelative edii bfsbothkcormparnents, (relative means in the units of the
semimajor axis of the system, and not in absolute units). And also the relative luminosities of both components
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(in % of the total luminosity) in the particular photometric filter éventually also the third light contribution).
If we know the masses, we can derive the semimajor axis and hence also the radii in absolute units, but not
having this information one can only roughly estimate this.

Conclusion

One can ask whethe end isWhen: It seems like the cost function is not decreasing significantly, only oscillates
around some value and no further progress is visible. Also the residuals (can be plotted in the plotting window)
are relatively symrmtrically distributed around a zedine and no systematic deviations are visible there.
Sometimes there remasome part of the light curve that was not fitted properly, but this can also be due to the
limitations of the program itself and only limited physics incorporated into it.

Fitting of the spots or generally the asymmetric light curves is quite a different task. It is much more
complicated, so it is waiting for someone else (with more experience on that) to be describgestpp

If you have any questions concerning the PHOERihE, do not hesitate to contact me and | will try to do my
best helping you with the problem.
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Abstract: This paper informs about the results of photometric observations made with CCD technology and new
remotely controlled telescope on Ob s erobetiesiofoexiging Upi ce
equipment. We describe the technical solution, its weaknesses and plans for the future, as well as present way of
data acquisition. Finally we present statistical summary and some planned additional enhancements and
modifications of the observing prgm as well as of technical facility.

Abstrakt: Vt ét o pr aci viysfledmujcdméd od ometri ckych pozorovani

vzdalené& fizenym dalUpiobhldiemi naclHodpdjpemgdivss avajici
Ppisujeme technicképlifdensSyendqg bHhedoucsnaabingetané zplsobl
prezentujeme stHatsst ptlnomboaddIfd klaecesS gmiz oat ecdani &k époo |
vybaveni.

Introduction

The locationandp er s on a l and techni cal(Fig Breprdsdrgtappropridtevdtkplace r vat or \
for photometric observations of different objects. Due to the relatively dark sky, we decided to test several
combinations of telescopes and CCD cameras seit@inl observing both bright and faint objects. Especially

observing of relative bright objects ifght starting observational prograrasing cheap and easily available

technical equipment.

Figure 1: ObservatontUp i ¢ e
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Present state and development

Our intention was cheaply, quickly, remotely and reliably control the telescope to exploit most suitable nights
without physical personal presence at the observatdrfirshwe use Windows 7 operating system and Maxim

DL control and processingpftware, renotely managed by software TeamgWer. Our longterm plan isrun our
telescope, mount and donos@ norWindows platform with scripting software and simple web interface. We
would like to automategradually all process with ability to make decisions without human supervise. Our
preference is to use mainly INDI a RTS platform.

We built observing telescope composed from cheap equatorial mount Celestron CGEM,-typettatescope
200/800 mm and CCD camera SB83-402ME with photometric filtersating development of our equipment
The camera was kindly loaned Bymericansociety AAVSO,the rest of this equipment was acquired by our
own means. All this equipment is located in observing house with displaceabl8e&cause of requirement of
remote operation we added control system for power and focus driving based on Arduino pRdfofroontrol
system is adapted fromater valve control systeand it proped moving mechanism adapted from gate opening
system.

The weather condition is watched by fsky observing system. It is completed from seechadd digital camera
CANON and metallized convex part of condenser from old film magnifier. Exposure is realized by Aurdino
system and transfer of data from camera#dized through the independent Linux server.

We identify somenveaknessesf still realized and presented system. The first one is roof construction, which is
too weak to hold big amount of snow during the winter season. It will be necessary to rdinifotoe future.
Fortunately, it was now so much snow during operation of this equipment to disrupt observation or destroy the
observing house.

The next weak part of this system is operating system of control congputet access t o piget . Al t h
observatory use relatively quality and strong internetnection, managing software TeamWer sometimes

occupy such big amount of system and data transfer resources, which collide with other control processes. We
suppose to protect such failures by waticly process which autonomously stop the observing. The power

system should by independently backed. We debug new control system at present time. It will be used in the

next version of remotely controlled telescope which is planned. Security of safd@pefdelescope is realized
personally by “man on phone” at present ti me, becau
automated now.

The part of the system, which is based on Arduino platforstaisle and reliabjeas well as homenadecontrol
electronic of stepping motors and switching relays. Because of used electronics and utility software are relatively
easy used and realized, it is easy to complete such system. We tested Arduino platform in Windows (C
applications), OS X and Linuxlgforms without any problems. We suppose to use described platform in the
future, although we assume to add some modules for other platforms like MLAB.

Data processing

At present time we process especially data obtained during some observing campaigmse Wav C
Munipack software due its friendly using and big amount of data. We would like to use other system of data
processing in the future. We plan to construct robust archive of processed data compactible with Virtual
observatory data archive. The oection with our archive will be realized through friendly user and
multiplatform interface. The data transformed to the international system woufceddg available to all
interestedsubjects. We develop theustainableform of such archive, based onwlg developed version of
Munipack (released in 2015). It will be incorporate to our present web pages and will be freely available.

Moreover, we obtain the set of control pictures of actual weather situation during observatiemsnimet
cadency, whiclare also avadble. These pictures are captubgdiull-sky camera.

Future plans

We successfully tested remote control of EQ and CGEM mounts, cameras SBIG and FLLimusintpbrary

Indilib and we plan to use them to the routine operatias.very eag to replace Teamiwer software by very
undemandindransfer of text instructions using web interface with responsive template. We have not still tested
rain detector, therefore we suppose that the observer will personally watch the weather situaéathenweb
server. Of course, we suppose to change this operation to the automatic run as soon as possible.
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Our new plansalso supposed to add the second telescope, suitable for observing of interesting faint objects.
Although it is possible to use 20 diéewton telescope for observing of-19 mag objects, it is more appropriate

to use it for bright objects, which are difficulty observable using biggest telescopes. This is the reason to use the
next telescope Meade LX200 (30 cm of diameter) with FLI Piioe camera (Fig. 2) with photometric filters.

ACCESSORY
POWER

Figure 2: FLI ProLine camera.

Present observations

During two past years (2014, 2015) we observed realized this program:
- observing campaigns AAVSO and CBA

- eclipsing stars GR Tauri type

- GRB opticalcounterparts DG CVn, supernovaes and novaes (Fig. 3)

- bright cataclysmic variable stars

- Be stars (OY Gem)
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Figure 3: DG CVn flare, which was detected by SWIFT satellite as possible gamma flash. The second brightness.

Conclusion

Described observing equipment is not the only one solution for variable star observing. Conversely, there are
dozens of more sophisticated solutions, but, they are usually more expensive. Moreover, our solution is more
variable andt offers greater persahinventivenesghan turnkey solutions.
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Outburst activity of the symbiotic binary AG Dra
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Abstract: The outburst activity of the symbiotic system AG Dra hasrbstudied using extensive spectroscopic
observational material. High luminosity and temperature of the hot component of AG Dra indicate that quasi
steady thermonuclear shell burning takes place on the surface of the whiteTthearfajor (cool) outburst at

the beginning of active phases migltcurdue to enhanced thermonuclear burning triggered by disk instability.
Smaller scale hot outbursts might be explained by the accretion disc instability model like in dwarf novae. We
discovered significant sindlities in photometric and spectroscopic behaviour of AG Dra and prototypical
symbiotic star Z And.

Abstrakt: Vyuzi tim rozsiahleho spektroskopického materi alt
AG Dra. Vysoka teplota a svietivost hordcej zl ozky A

spbsobené zvySenym termonuklearnym horenim materialu
z chladnej, Vyvinutej eV ojzkwi etzedyt.o MendilearjaSgiug Uwxz pl anu
nestabilitami % akréc¢nom di sku, podobne ako v trpa
symbiotickych systémov AG Dra a Z And sme zoiapti lii n
spektroskopickych pozorovani.

Introduction

AG Dra is one of the bestudied symbiotic star§.he cool component is a giant of early K spectral class instead

of M as in most other symbiotic systems. The hot component of AG Dra is considered to be a white dwarf
sustaining a high luminosityD(LC® L+.) and temperatureD(L®® K) due to the thermonuclear Iming of accreted

matter on its surface (Mikotajewska et al. 1995) . Th
the cool giant. Both components are in a circumbinary nebula, partially ionized by the hot component. The
orbital period of tle binary system is 550 d (Meinunger 1979, Fekel et al. 2000). A shorter period around 350

380 d has also been detected in photometric and spec:
1999; Friedjung et a kribedthi8 PeBod to th&Shulsations oéthe Kgiant. (1 999) as

By its photometric variability, AG Dra can be classified as a classical symbiotic star of Z And type. Its light
curve, available since 1890 (Robinson 1969), shows the quiescent and active phasesigVitarany of about
1-1.4 mag in the/Nisual band and up to 2.3 and 3.6 mag inBrendU bands, respectively. Major outbursts
occur in intervals of 12 15 yr. (in 1936, 1951, 1966, 1980, 1994 and 2006), and are usually followed by minor
scaleoutbutss i n i nterval s -Riestraathlo1099) hhve distinguidhed hetvéedneaol and hot
outbursts of AG Dra. Major outbursts at the beginning of active phases are usually cool, during which the
expanding pseudatmosphere of the WD cools dowand the Hel Zanstra temperature drops. In smaller scale

hot outbursts, the He Zanstra temperature increases or it remains unchanged.

The outburst activity of AG Dra over 120.ywas studied in our recent paper (Hric et al. 2014), using mostly
photoméric observations. However, a lot of open questions remain concerning the nature and physical
mechanism of the outbursts in particular. In the present paper, we study the outburst activity of the symbiotic
system AG Dra from a spectroscopic point of view.
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Observations and analysis

The spectroscopic observational material consisting of 83 radial velocity values with a relatively high precision
(typical errors of 0.4 0.8km s™) has been extracted from Mi kot aj ewska
Tomov & Tomova (1997) and Fekel et al. (2000). All radial velocities have been determined using spectral
absorption lines formed in the atmosphere of the giant. The observations incompletely cover the time interval

from JD2446578.5 to JR2451676.9, but with gaboversampling of individual sets. The zgroint problem of

separate radial velocity sets was solved by numerical minimization of the sum of residual squares of the
observational points with respect to the preliminary synthetic curve of radial velocities.

Intermediatedispersion spectroscopy of AG Dra was carried out at the Tartu Observatory in Estonia. Altogether,
515 spectra obtained during almost 14(fnom JD2450703.3 to JR455651.5) on the 1-Betre telescope, are
analysed in the present paperdRetions of the spectra were done with the help of the ESO MIDAS software
package, applying the standard procedures of subtracting the bias and sky background, calibrating into the
wavelength scale and normalizing to the continuum.

We focus on the stronget emi ssi on | ines in the wavelength region:
(A6563) and HB (A486l11) nhet m¢ NA&EBT7/Bal tlthelniewmidadad6B6] iam
Raman scattered@| i ne at A6825. Equi valent widths (EWs), pealtk

positions of these lines were measured. Uncertainties of the EWs were estimated from repeated test
measurements of a few spectra, and they range from about 3tfercne strongest lines to about 10 percent
for weak lines.

Period analysis of the observations was performed using an advanced implementation of-@enipetesated

Discrete Fourier TransformiVe used a Fisher Randomization Test for determining thafisnce of the

obtained periods. The minimum error of perledvas det er mi ned by <calcul Bti ng a
using the method described by Schwarzeni@&rgrny (1991).

Analysis of the absorption line measurements

For the analysis of AG Dreadial velocities based on absorptiome measurements we used our own method

(for more details see Galis et al. 1999) which consi
results of this period analysis are depicted in Fig. 1. Irctimeesponding power spectrum, part (a) shows three
significant peaks: the largest two of them are related to the orbital period (548.9 d) apddtsalias (218.3 d),

the third one (355.0 d) is probably related to eominponent pulsations. The middlewger spectrum (Fig. 1,

part b) shows the result after the removal of the orbital response from the data: only the pulsation peak is clearly
visible. No significant periods are detected after removing the orbital and pulsation responses from the radial
velocities of AG Dra (the bottom power spectrum, Fig. 1, part c).

0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
T T T T T T T T T T T T T T

T T T T T
O aAGDra 5489d
30
20
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o o
elay)

Theta

10 - c

0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
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Figure 1. Power spectra of AG Dra obtained from the period analysis of the combined radial velocities based on absorption

line measurements: original data (a), data with orbital response removed (b), and data with both orbital and postulated
pulsation response rewexd (c)
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In the next iteration steps we have improved the parameters of orbital motion and postulated pulsation of the
giant. After the removal of the pulsation response from the data, the period analysis gives the following
parameters of the orbitato t i @A 4y . 6 + Z2Ko2)( k.M s# Pg=4() 5% M @D 1.5)
(ma x ) = (2 448 996.4 + 2.8) d. After removing the or
parameters of pud @47 %40d)ykms#, Kp =f(b7+D0.4) kw2, Py (355.7+ 1.9) d,JDp

(max) = (2449181.0% 5.8) d. The synthetic radial velocity curves for orbital and pulsation response together

with radial velocity measurements are depicted in Fig. 2 (upper panel) by the blgeeandines, respectively.

The complete curve of the orbital plus pulsation response is shown by the red line in the same figure. It is
obvious that the complete curve better fits the observational radial velocities than the orbital response alone. The
phase diagrams of the orbital and pulsation radial velocities are shown in Fig. 3 (lower panels).

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005
T T T T T T T T T T T T T T T T T T T T T T T
L AG Dra + h

Radial velocity [km s-]

-156 - orbital ion r orbital +
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L

45000 45500 46000 46500 47000 47500 48000 48500 49000 49500 50000 50500 51000 51500 52000 52500 53000 53500
JD - 2 400 000 [days]
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Radial velocity [km s']

-152 -152

156 T SO S R 156 I U S
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Figure 2: The radial velocities of AG Dra and the synthetic curves for individual respoanppsr(panél The phase
diagrams of orbitall@wer left panél and pulsationI@wer right pane) radial velocities and the corresponding synthetic
curves. The original data are depicted by crosses and the data after subtraction of the pulsatione§pbita are plotted
by circles.

Analysis of the emission line measurements

The variability of EWs of the studi(ed6d@ifdi6i®@d)| iamas
the Raman scattered\®! i ne at A 6825 U lightagve ts presentedvin Fidh 3. Oheeof the most
interesting features of this variability is the significant increase of the EWs of all the five emission lines
considered, but i n palrxe &l )a,r dhraiz0d gaysaavbtawl D 245360 O

(second half of 2005). This episode corresponds tonther outbursE10. There was another shorter episode of
brightening of the emission lines at about234500 (early 2008) at the end of the active stage F2, but this was

only noticeablde n t he EWs of the Ha and HPB | ines. This event
JD2454650(July 2008) to JD2454900 (March 2009) while the star was in the quiescent stage Q6.
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Figure 3: The curves of EWs for particular spectral lines tbgewith the light curve of AG Dra ibl filter. The scales on

the left and right axes are valid for EWs of He6 6 78 A) ( 4686 HA) , respectivel y. Parti cu
as E4- E10, and F1, F2. The active (E+F) and quiescent (Q6) stages are distinguished by the vertical line. The thin curves

show spline fits to the data points.

The major (cool) outburst F1 of AGrB, that started after J2453900 (July 2006) is not specifically distinct in

the fluxes of hydrogen and helium lines, but the weakening of the Raman scattdréed\06 8 25) | i ne i s v
seen. A simple interpretation of this behaviour could be thamgltine cool outburst, the temperature of the hot
component considerably decreased, so that the high excitatorf @ 6 8 2 5 ) l' ine significant]l

disappearet but leaving the lower excitation lines mainly unaffected.

The period analysis dhe EWs, absolute fluxes and radial velocities of the studied emission lines confirmed the
results obtained for radial velocities based on absortitienmeasurements. Detected periods are close to the
orbital period (511- 568) d and to the time intervaketween individual outbursts (366383) d. The period
related to the pulsation of the giant (35857) d was marginally detected. We can confirm that the data did not
contain variability with longer periods.

It has long been debated whether the spetimak of AG Dra vary regularly with orbital phasAs the
characteristics oémission linestrongly depend on theutburstactivity, it is clear that such regularity should

only be searched for in the quiescence data. Fig. 4 (left panel) shows the efimssieWs in quiescence

phased to the orbital peridb= 549. 73 d (Gali s etUIghtcurvella ®ladr,thedo get her
well-knownwavel i ke variability is clearly seen. A very simi
i ne, and to a |l esder( A66t78nt liimetshe THRsand oMeexcitat
extended gaseous wwhe, which also emits continuum radiation in the ndaaviolet and optical spectral

region.

6 The formation of the Raman scattered O VI sdzoflss AI EOOEIT 1EIT A OANOEOAO OPAAEEEA DI
Z the simultaneous presence of a hot radiation source, capable of ionizing oxygen atoms five times, and
enough neutral hydrogen atoms that scatter the photons of the O VI resonance line.
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Figure 4: Left panel Dependence of EWs of the studied emission lines andJtbeightness on the orbital phase. Full
symbols correspond to the possible quiescent episode between active stages E aRd5E200- JD 2452100). Empty
symbols correspond to the quiescent stage Q6 (after43B850). Right panel EWs of the strongestn@ssion lines in
logarithmic scale versu’l magnitude. Data points are connected chronologically. The red line connects the points that
correspond to the outburst episode E10, and the blue line connects those from the major outbursts F1 and F2.

The high exitation Hel | (AN4686) l ine practically does not vary |
origin close to the hot component. The EWs of the other high excitation live]l O ( A6 825) , exhi bi
scatter because both the vicinity of the hotmponent and the extended volume of the neutral hydrogen are

involved in the formation of this line.

Periodical outbursts and their relation to periodicities in the symbiotic system AG Dra have been
a matter of longerm debate. As mentioned in the introductidh,o n z -Riestraz et al. (1999) have
distinguished between cool and hot outbursts of AG Dra according the spectroscopic behaviour of this
interacting binary observed in the far ultraviolet.the present paper, we study the outburst activity of the
symbiotic system AG Dra using the emisslove measurements in optical.

In Fig. 4 (right panel), we present (in logarithmic scale) the dependence of the EWs of the emission lines on the
U magnitudeover the time interval from 1997 to 2011. Chronological connection of the points enables us to see
the different behaviour of the EWs during hot and cool outbursts. The EWs of all lines increase with the
brightening inU filter, until U magnitude reaches\alue of 9.5- 9.4 mag. A different behaviour is seen at
brighter magnitudesl. (TM6Ge6 7E8Ns roefmaHan amodr eHeor | es s
seen for brightet) magnitudes. Finally, the high excitation Heand OVI lines show aremarkable decline.
Hence, the magnitude D 9.4 mag apparently marks the brightness limits above which the onset of a cool
outburst of AG Dra can be expected.

cons

The Hell/Hb ratio can actually be considered as a proxy to the temperature of the hot compjimant1981)

has provided a simple formula for assessment of the effective temperature of a central source of ionizing photons

from the nebular emissidine fluxes. With some simplification, the EW ratio can be used instead of the flux

ratio and the the dependence of HiHb can be hence regarded as representative for the temporal evolution of

the hot component’s temperature var iRlDE0@K)duringThee t e mp e
major (cool) outburst F1 around 2254000 ilearly seen in Fig. 5 (left panel). Other episodes of lovHidb

values centren JD 2454480 (F2) andD 2454840 (quiescence Q6). We can also see a few exceptionally high

He 1I/HB valuesaround JD 2452940 and 2453620 which correspond to the hot comipbnen t e mpler at ur e
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210000K. Interestingly, those episodes can be associated with hot outbursrigipening(E8 and E10) where
theU magnitude reaches the turning point in Fig. 4 (right panel).

1998 2000 2002 2004 2006 2008 2010 2012 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
T T T T T T T T T T T

T T T T T T T T T T T T T T T T T T T ]
AG Dra ]
12 } . * 1
4 | ]
— | i :
E I Tl s . Jw
= F | b LER 12
.'E’ 3 %, Tw e o x | & ] o,
AN I A N I P sEx \ . AR FIUR
o | 17 | o L x EaN k] qu
g » % i [, Tog) s 1% | oL £ x§ L, }
14 8 o o8y | ] 1L % = * \ o
p = f) ol 3{ ‘B‘q"‘@.ﬁ 4 g * & “‘
geer 7y T g SR > ‘ 1 J !
ES | | o
s : 4 3o bt j I AU
3 sle L °
E ‘ « 3
504 A\ & * 3 rz { ‘ ’3’
m nr & g' ANy AGD
o < ra
‘ Y &c y N e &
02 - 70 hd % i e
! x F 20
X
F1 % i&
— 8.0 m
E4 }" X :i 4 ¥ e a
I* F R R N ¥ 10 g
£ 2 | ‘W ¥ g
£ £10 § )\‘ 1% & Z 20 5| N 7
| “ 1] Al¥ i 3 e :
4 1 E+F L oes || ] as qree” 2 | 1°=
iy WiA ’ : o ltE b
I A 3 & ° P
I [;1 Ea fﬂ\.t\ Y ¥ § ﬁ& T-}‘ o0 g f &3“ %g \% g& 2‘ J“o:’ AGD
b 1 & ra
£owf N TR W »"ff’, ; Fadhia ¥
- s *
{ ¥ ol
| | - | | L. 120 A S T T S TS T NS S R RO
51000 52000 53000 54000 55000 56000 51500 52000 52500 53000 53500 54000 54500 55000 55500
JD - 2 400 000 [days] JD - 2 400 000 [days]

Figure 5: Left panel Ratio of the EWs of the two strong emission linesjHe ( A 46 86 ) b brightnesBintimend t he
Right panel The U light curves (top) and EWs of the \DI line at A6825 (bottom) of AG Dra
And are timeshifted by 2108.7 and 210 7or photometric and spectroscopic data, respectively.

AG Dravs. Z And

The major (cool) outburst of AG Dra, started after 2453900 (July 2006) isab specifically distinct in the

fluxes of hydrogen and helium lines, but weakening of the Raman scatt&fdd O( A6 825) | ine is ve
Bur mei ster & Leedj arv (2007) detected a similar weak
symbidic star Z And in the summer of 2006 when the star underwent a strong outburst accompanied by the
ejection of bipolar jets.

We selected time intervals of about 3000 d fromWhd3 andV light curves of both AG Dra and Z And, and
performed a crossorrelaton analysis. The results of such analysis for curves with complex behaviour depend
on the selection of a particular time interval. Therefore, we performed around 20 runs with different starting
times and lengths of the analysed time intervals (153066 d). In all runs, the crossorrelation functions
manifested the significant maxima only for the tisfeft with a value around 2110 d. Such significant
correlations might not be so surprising as we know thatth® andV light curves of AG Dra correlateell

between themselves during active stages (Hric et al. 2014), and the same can be concluded from the visual
inspection of the light curves of Z And.

It would be more intriguing to find similar correlations in some spectroscopic features. SokoldskReo0@)

have published the EWs of the most prominent emission lines of Z And. We selectedthe @ i ne at A682"
performed a similar crossrrelation analysis of its EWs in AG Dra and Z And. In all runs, the maximum value

of the crossorrelation function appeared for the tirghift around 229@). Moreover, in many runs, this
maximum has a doubleeaked structure with the second maximum around 810@ese results show a strong
similarity of the photometric and spectroscopic behaviour of AG DrazaAdd. The difference between the
time-shift for the light and the EW curves (around 180 d) is not essential, because the value of¢héfttiime

the EW curves does indeed lie in the range 212800 d, and its particular value depends only on trexteh

of the time interval. The correspondingly shiftddight curves and EW variability curves of AG Dra and Z And

are shown in Fig. 6. These reasonable correlations could imply some similarity of the nature of the hot
components and the mechanismshef outbursts in AG Dra and Z And.
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Outburst mechanisms

It was established long ago that a WD alone is not capable of ionizing the nebulae of symbiotic stars to produce

the characteristic emissidime spectrum. Quasiteady thermonuclear shell burning oe surface of the WD

can provide additional energy, and this phenomenon appears to be common in most symbiotic systems (e.g. Sion

& Ready 1992). An accretion rate of a few times®M, yr is sufficient to produce a luminosity of A0, by

a thermonuclear shell burning (Sokoloski et al. 2006). However, the classical symbiotic outbursts, recurring
every few years or decades, do not fit well into this picture. They are by far too frequent to Hikenova
thermonuclear runaways like thosei sy mbi oti ¢ recurrent novae (Mikotajew

The combination nova model proposed by Sokoloski et al. (2006) seems to be a promising explanation, at least
for the behaviour of Z And. Smallacale hot outbursts (e.g. in 1997) are explained byattweetion disc
instability model, as in dwarf novae (Warner 1995). The 200002 outburst of Z And was similar to the major

(cool) outbursts of AG Dra. According to Sokoloski et al. (2006), the disc instability in this case triggered
enhanced thermonuwer shell burning on the WD surface, thus resembling a classical nova outburst. For the 0.65
M:. WD, an average accretion rate ok3.0° M. yr* would be enough both to fuel the quatady nuclear

burning and to accumulate enough material in the disgégger a combination nova event on tiseales of 10

yr. The major (cool) outbursts of AG Dra occur on a similar {goale (12— 15 yr). However, there is a
fundamental difficulty because we do not have firm evidence for the presence of an accretionAdisDra.

No evidence of collimated bipolar |jets, -saleflckeningZz And (
(Sokoloski, Bildsten & Ho 2001) has been found in AG Dra.

A combination nova model might be applicable to AG Dra, provided ttragger mechanism for thermonuclear

shell flashes can be found. Triggering of major (cool) outbursts seems to take place close to some critical
threshold, as in some cases (active stages A and C in Hric et al. 2014) there has not been enough poaver to ignit
additional nuclear reactions required to initiate a cool outburst.

Conclusion
Our conclusions can be briefly summarized as follows.

(i) We carried out a complex and detailed period analysis of spectroscopic data of AG Dra obtained from
absorption as welhs emission line measurements. The results of period analysis of all these data are two real
periods present in this symbiotic system: 550 andd3%6lated to the orbital motion and postulated pulsation of

the cool component, respectively.

(ii) Cool andhot outbursts of AG Dra can be clearly distinguished by the behaviour of the emission lines in the
optical spectrum of this symbiotic system.

(iii) The Raman scattered @1 i ne A 6825 al most di sappeared du h
JD2453900 (July 2006) , confirming a drop in t

variations of other emission lines.

ring t
he hot
(iv) Emission lines of hydrogen and neutral helium did not change significantly during the cool outbursts of AG
Dra. They are correlated with the orbital motion of this interacting binary in quiescence and become stronger in

hot outbursts.

(v) The similarity of the outbursts of AG Dra and prototypical symbiotic star Z And shows that a combination
nova model might explaitihe outbursts of AG Dra. The presence of an accretion disc in the system still needs to
be confirmed.

One of the promising explanations of at least some individual outbursts of AG Dra might be the combination
nova model proposed for Z Artdy Sokoloski et al. (2006). In this model, when accretion rate onto the white
dwarf exceeds some critical value, thermonuclear reactions are ignited and luminosity of the hot component
increases significantly. One of the next tasks would be to study ahith outbursts of AG Dra will fit into

such a picture.

Acknowledgement: This study was supported by the Slovak Academy of Sciences VEGA Grant No. 1/0169/16,
and by the Slovak Research and Development Agency project AP\D458.
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Report on observational activity in (summer) 2015
M. ZEJDA!

(1) Department of Theoretical Physics and Astrophysics, Faculty of SciasaeyykUniversity, Kot | af ska 2, 611
Brno, Czech Republiczejda@physics.muni.cz

Abstract: Ashort report on the author’'s observational act i
means almost 900 nights, about a half million of CCD frames and thousands of photometric measurements.
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Introduction

The unusual summer of 2015 provided a unique opportunity for high observational activity in Central Europe.
There were 53 observational nights in the astronomical summer that the author used for photometric
measurements of variable stars, namely eclipBingries. This situation, together with a later personal jubilee,
prompted the author to do a review of his observational career.

Observatories
The observations in 2015 were made at five observatories:

1 Masaryk University Observatory (MUG) The observatgris located close to the cigentreon Cow
Hill. The main telescope is a 60cm Newton equipped with a Moravian instruments caméf@2
with Johnson BVRI filters. During the summer a miigiescope (34mm refractor on table mount EQ1
with CCD camera G202 with Johnson BVRI filters) was also used. The observatory belongs to the
Department of Theoretical Physics and Astrophysics, Faculty of Science, Masaryk University, Brno.
http://astro.physics.mungfobservatory/

1 Leopold Figl Observatory (FOA) is thadility of theDepartment of Astrophysica theUniversity of
Vienna It is situated in a forest 60 km to the southwest of Vienna. In collaboration with Vienna
University we can use the main telescep&50cm reflector with a BIG ST10 camera upon request.
https://astro.univie.ac.at/en/foa/home/

I Hvar Observatoryas established in 1972 as a joint endeavor o€Cthencil for Scientific worlof the
Socialistic Republic of atia and théstronomical Institute of the Czechoslovak Academy of
Sciences, Or@jov. The first telescope was a 60cm reflector with a photoelectric photometer. Later
theFaculty of Geodesygf the University of Zagreb together witthe University of Vienna installec
1.06m RitcheyC h r é tAustraaCrodtian Telescope, ACT)elescopeat the Croatian siteThis
telescope is now waiting to be upgraded. It is currently used with a small CCD camdi@2.G2
http://oh.geof.unizg.hr/

f Tubitak National Observatery (TUG) is located 40
telescopes, but in cooperation with. dfolkan Bakis we used only the newest one, 61cm Ritchey
Chr étien tel escope of Akdeni z Uni versity Ant al y

http://www.tug.tubitak.gov.tr/

1 La Silla Observatory belongs toettEuropean Southern Observatory (ESO). It is the oldest ESO site
with several tel escopes. Unt i I S e p Ricmep&hr é20 &, W
154cm telescope every year for several nights from January to March and from October toddecemb
The camera on this telescope h&sla* 2k CCD with a pixel scale of 0.4
telescope and camera can be controlled remotely. http://www.eso.org/publicdles
instr/lasilla/danish154/
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The observational programs

We participated in several observational and research programs. With Turkish colleagues we continue with
EVRENA project which concentrates on the study of eclipsing binaries in young open clogtassaciations.
Recent statistical studieshow a high ratio of multiplicity in stellar formation regions (SFR$herefore a
detailed study of multiplesystemsin SFRs, especially eclipsingsystems provides fundamental stellar
parameters mordirectly and with higher precisiahan a study of individual stars.

Stellar evolution, a crucial part in the evolution of especially close binary stars, is the main aim of the project
with our Chinese colleagues, which is concentrated on near contadebi(NCBs). NCBs are systems where
components (almost) fill their Roche lobes. It is important to establish how different types of these systems
evolve to/from the contact stage.
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Figure 1: The surroundings of two welknown eclipsing binaries QU Cyghd QX Cyg CCD frames from MUO 0.6m
telescope + CCD camera &BP00, Rfilter.

In this study we observed several selected systems in our Galaxy and in the Magellanic clouds. A small example
of these observations are shown in the small field of the Cygmstadlation. This region, 13 x 13 arcmins (see

Fig. 1), is rich in variable stars. Most of them are eclipsing binaries (EBs). The Italian amateur astronomer, Nello
Ruocco, discovered three new eclipsing variables in this field. Another one is knowrh&dtAAT survey and

two others were found by the author. Table 1 shows the list of eclipsing binaries that were discovered. We here
found a real laboratory with all types of EBs and we were able to test both types of modglipgical and
phenomenologicarespectively.
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Table 1.The list of eclipsing binaries located in theasurrounding QU and QX Cygni

No. Discoverer | Type

Star Mo P [d]
1 QU Cyg E | 2455561.62442 | 0.34691087
2 QX Cyg E/DW | 2456339.78501|  0.89949448
3 | GSC 0313703322 | HAT | EB | 24553006286 | 0.70532533
4 | 2MASS)19584213+3814080| NR | EA | 24560546233 |  1.920791
5 | 2MASSJ19500752+3808528| Mz EA 2456238.465 1.194
6 3UC257_183634 NR EB | 2456157.3340 0.5269
7 3UC257_183888 MZ EW | 2457265.368 0612162
8 | 2MASSI19585966-3813158 NR  |DSCT/E| 2456148.4440 0.2486

-02  -01 0 01 02 03 04 05 06 07

3UC257-183495

HB: 2456238.465, Period: 1.194

ID {Date)
— 862 (01.89,2015)
1.50 = 861 (31.08.2015)
~— 860 (30.08,2015)
1.70 — 859 (29.08,2015)
= 756 (21.08,2015)

755 (09.88.2015)

754 (08.88,2015)
fl =— 708 (083.08,2015)
— 707 (23.07.2015)
706 (22,07,2015)
— 705 (21.07.2015)

i
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Figure 1: The light curves of studied systems. Upper left: QU ERBVRI curves with fits according to the physical model
made by WD (taken from the paper Zejda et. al, 20W@per right: QX Cyg- BVRCI curves with fits according to the
phenomenological model (taken from the paper Zejda et. al, 2016). Bottom: The light curve in R of a newly foulikeAlgol
variable(2MASSJ19590752+3808528pm the MUO and FOA observatories.
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Table 1 also shows the light ephemeris obtained by phenomenological modelling using all available photometric
data. The complete results will be published this year in a prepared paper.

Another observational activity was aimed at obtaining new datzeglected short periodic variables, mainly
NCBs. Thereare more than 1500 eclipsing variable stars in SIMBAD brighter than 12 mag (V)theith
number of references lower than They are thus practically unstudied, without sufficient and detailed
photoméry and modelling. Such stars can be observed very well by many amateurs to obtain very useful new
data.

Observations in 19952015

The personal jubilee dfhe author was a good opportunity to look back and reamize the observational
activitiesover thelast two decades. The results are given in the graph in Figufée observations were done

at 14 observing places in Europe, Asia, New Zealand, and South America using telescopes over a wide range of
diameters from 0.03m to 2m. The number of starsie @CD frame varied from 3 to about 25000. Assuming an
average of 100 stars in one frame, 50 million photometric measurements were made. There are many variable
star observers around the world. Summing their output, one can reach a fascinating numio¢onoétph
measurements that is comparable with the largest survey.

Conclusion

A summary of observations of variable stars made by the author in the summer of 2015 was introduced. The
results based on these observations will be published in individydrs of studied objects and as a list of
brightness minima of eclipsing binaries.

Two decades of observations made over almost 900 nights produced half a million CCD frames and more than
50000 individual measurements done by photoelectric photometer.

CCD frames,
PEP measurements,
number of nights

120000 f
mCCD ®mPEP  Onights (x100)

100000

80000 i

60000

40000

20000

U I I I I I I I I I I I I I I I I T .I:’?
1995 1999 2003 2007 2011 2015
years

Figure 2: The observational statisticdNumbers of CCD frames, photometric measurements done by photoelectric
photometer and number of observational régicaled byafactorof 100.
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Phemenological Modeling of Eclipsing Binary Stars
IVAN L. ANDRONOV?Y, MARIIA G. TKACHENKO?, LIDIA L. CHINAROVA?Z

(1) Department “High and Applied Mat he nMethnhikow,'34,6502Dessa Nat
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Abstract: We r eview the met hod NAV (“ Ne w20®RAm..a535..536Avhichabl e ” )
uses the locallglependent shapes of eclipses in an addition to the trigonometric polynomial of the second order
(which typicall-pf-dekcpsbespahe Obuthe |l ight curve wit
O’ Co n redipsing binary stars are believed to show distinct eclipses only if belonging to the EA (Algol)

type. Wth a decreasing eclipse width, the statistically optimal value of the trigonometric polynsmial
(2003ASPC..292..39DAdrastically increases from ~2 for elliptic (EL) variables without eclipses fe&6 EW

and up to ~3&0 for some EA with narrow eclipses. In this case of large number of parameters, the smoothing
curve becomes very noisy édrapparent waves (the Gibbs phenomenon) may be seen. The NAV set of the
parameters may be used for classification in the GCVS, VSX and similar catalogs. The maximal number of
parameters isn=12, which corresponds t&=5, if correcting both the period anbet initial epoch. We have

applied the method to few stars, also in a case of +oollbr photometry Z015JASS...32..127)Awhen it is

possible to use the phenomenological parameters fremN#V fit to estimate physical parameters using
statistical dependencies. For the enenlor observations, one may estimate the ratio of the surface brightnesses

of the components. We compiled a catalog of phenomenological characteristics based oadpobtishvations.

We conclude that the NAV approximation is better than the TP one even for the case-ofyg¥\Vstars with

much wider eclipses. It may also be used to determine timings2#eASPC..335...3740r a review of

methods) or to determine parameters in the case of variable period, using a complete light curve modeling the
phase variationsThe method is illustrated on 2MASS J110804443290 (EAtype), USNGB1.0 1265

0306001 andUSNO-B1.0 12660313413 (EWtype) and compared to various other methods from the literature.

Introduction

Numerous discoveries of the variable stars and the variety of their types of variability argue for a necessity of
adequate mathematical methodghich will allow the best modeling. Of course, the best is to determine

physical parameters of the stars (masses, radii, temperatures, magnetic field etc.). However, the majority of
discoveries are being done using photometrical observations only (sometume with one or even no a

filter). In this case, one may determineonlycsa | | ed , phenomenol ogical“ par amet e
classification adopted in the ,Gener al Catalogue of

I ndex “") —(cedBdihates, precession, maximum and minimum brightness, type of variability, and, if

periodic, the period® and the initial epoc,. An important parameter iB (the full width of the minimum

in eclipsing binaries in per cent of the period) or, alternatlly m( phase di fference bet weel
(M) and minima 1) for periodic pulsating variables, also in per cent of the period).

In the GCVS classicafication, the Algbly pe st ars (EA) have the property th
|l ight curves, the moments of the begi arBEBandEWamtde end of
1 1T ght curvies ifmproswhibdh itto specify the exact times of

I n this paper, we discuss the algorithm NAV (, New Al ¢
illustrate it by an application to newly discovered variablem EAtype system2MASS J11080446143290
(Nicholson 2009) , a-typetsystems USNEI1.0 12650306001 ,and USNIB1.B V266

0313413 (Hambsch 2007). More detailed description of the method and its application to other stars was
presented by Andronokachenko & Chinarova (2016).

" http://  aavso.org/vsx
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Methods of the analysis

Trigonometrical polynomials: asymmetric vs. asymmetric

We use a set of complementary methods. The periodogram analysis is carrried out using the trigonometric
polynomial (TP) approximation of orde8 of the light curve

X(t) =Cy+Q (Cyj cosrfi(t- 1) +Cyjy sin(efi(t - 1)), 1)

j=1
where T is the sample mean of times of the observatiohs,1/P - frequency,and C, are the coefficients

computed the method of the least squares (MOB)e testfunction S(f)=s/s3, where s&, s are

variances of the ,calculated*® and , obserwasdkScribedal ues &
by Andronov (1994, 2003) and has a sense of the square of the correlation coefficient between the observational

and computed values (sometimes referredr%}s The MLS is statistically justified, contrary to simplified

met hods of , Fourier Transform*“® (FT), which wuse for mul
From mathematical point of view, this means that some or many elements of tla equations are set to zero
instead of being computed and taken into account (e. ¢

(2007) noted this as a ,frequent syndrMatmghold . vari abl e

In our proga m, the coefficients are determined u-€dumg corr ec
View* (MCV), Andronov & Baklanov (2004) all ows to mak
possible algebraic polynomial trend of needed degreen ¢t r ary t o the method of . P
me t h o d s Matrixphdbid'a

In Fig. 1, the periodograms for some degrees of the trigonometrical polynomial fit are shown. One may see that
there is no peak at the true period for1, but occurs ats? 2.. This is explained by two nearly equal eclipses

seen in Fig. 2, so formally the ,better® photometric
S, the height and number of peaks increase. It should be noted, that the peak at the true period remains lower
than at the halperiod even for a relatively large degree of the trigonometrical polynoswaB. This is

explained by a very neow eclipse (what is indeed typical for the EAtype systems), because much larger

values of are needed for better approximation.
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Another problem is to determine the statistically optimal degree of the trigonometrical polyr®&nAiatironov
(1994, 2003) and Andronov & Marsakova (2006) discussed criteria based on:

1. the Fischer statistics with setting the limiting
S(f) O.2|_ T T T T T T T T T T T T T T T T T T T |-
O_ J unl WY VP I A..A..Jnhl LAl S:l_
0.2+
0
P
3P/2
3P/4 r/a
0.5F 4
2P
P/3
OI_ 1 L v 1 I
0 0.5 1 1.5 S/

Figure 1: PeriodogramsS(f) using trigonometric polynomial fits of ordes=1,2,8. The positions of peaks related to the
main period are marked.
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2. the minimization of the error estimate (with modificatiensm.s. error of the smoothing function at all
observationss[x.] ; at some specific time or phas¢x. (ty)]; or of the time of the extremumi[t,] );

3. the maxi mtomoj sk §pl/asfad iie. theratio of the r.m.s. deviation of observations
from the sample mean to the r.m.s. error of the approximation.

In Fig. 2, the TP approximations are shown for different values of the parasetehich argue for larger

number ofs. al so we show the ,large order* fits in Fig. 3
»,Symmetric“ trigonometric polynomial fit

S

X(t) =C, +Q Cjuycos@Hi(t- To)), 2)

=1
where Ty —is the, i ni ti al epoch®, which, in this case, is the
Generally, the asymmetric fit is needed to check the
For this star, the asymmetry is not statisticalfndicant, thus we do not show the coefficients. Also the even
coefficientsC,,;d o not e%3s¢eedot hiedgr and formally are not sta

the difference in the shape of the minirsa,they are small for this star with similar minima. This is not the case
for the systems with significantly different minima, e.g. 2MASS J1108@3@%589 (Andronov, Tkachenko &
Chinarova, 2016). However, the cumulative effect of these coefficientsssnprand there is a small difference
in depth between the two minima, as is seen in Fig. 2, and will be discussed below.

Very interesting is a dependence of the even coefficiénts =2k on j. It resembles a onsided gassian,
and is well approximated as

C; = Aexp(- Bj) 3)

with the parametersA=0.0459 B =0.0034& obtained using nctinear MLS. This differs for a nearly linear

decrease seen for another EAype star 2MASS J11080388.45589 at Fig. 4 of Andronov, Tkachenko &
Chinarova (2016).

Cj
0.04

0.02

0.01

Figure3:The coefficients of the ,venomeslytareisiown by Ruaepapd thexoddm
Cyusy—by rombs. The red h°@“ zomrtrailddri.neBh e hippeamriovtieiatipe. i

Using®°3hecr,iterion, t he st a46. f avoidirg lthe goefiipritsiwithinithe d e gr e e
wi d€89s corridor, one may s uggse28& Haweverjegen using &larget | v s m
value s=50, the approximations do not fit well in depth both minima (Fig. 2). Similarly to Fig. 8 of Andronov

et al. (2016), the brightness at minima (both primary and secondary) of the approximation decreages with

even if the coefficients are statistically not significant.
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Combi ned iAcionnesfit aanptpr oxi mat i on

For a comparison, in Fig. 4 we show the ,sampling®
intervals, as typically used as the input data for the programs of physical modeling ¢elg.a , Kol onko.
Szczech, 1997, Zot a JM.®tal., 203@).zCerdrary to ah.usual Kethod of eomputing

sample mean values in each sumt er val , and creating d,xS[E)X nthe wei ght

program MCV (Andronov & Baklanov, 2004), we realized a combined methoddatsein the current sub
interval are approximated by a constant and by a line (algebraic polynomials of the degré@esand

p =1, respectively). Then the approximation is chosen, for which the error estimate of theisgagihtion at
the mean moment of observations is smaller.

This definitely has an advantage at the intervals of drastic changes (ascending and descending branches). At the
outof-ecl i pse phases, the | ine becomedpointbietheirdgervalisfoor a f e
small (2— 3), so statistical errors have bad accuracy themselves. The resulting table of the observations remains

the same for the line and constant, but the error estimates at the ascending and descending branches become
more realistic, because systematic deviation of the curve from a constant overestimates the stastistical error, and

so underestimates the weight of the mean point.

mr ™ ' —— X
»/fx/»»mfrz\www et e A il
15.6F : ' -
157 1
15.8F 1
15.9F
OMASS J11080447-6143290
00 02 04 0.6 08 0

Figure 4: Approximation of the phase light curve (blue points) by a constant / line in 50 phase intervals (red lines).

Because the lines from individual sutiervals do not form a joint continuous function, the approximation may

be described as nteheof, pdeelgrrecemilalansdpldef ect 2. An appl
discussed by Andronov (1987). However, in future analysis, only a discrete set of such averaged observations is
needed, thus this discontinuity of the smoothing curve is replag a continuous light curve obtained from
phenomenological or physical modeling.

Similar approximation was used for fast periodogram analysisldnyaco & Muzzio (1980). They have used
only linear approximations, but in MCV the statistically better amgo , constant*“ or ,line")
chosen.

Obviously, the mean points computed in this manner, can not be outside of the interval of observational values.
However, the extrapolation inthe subnt er val s ¢l ose t o t he iangle-snhuanp ecda'n , a
minima, contrary to the more smooth trigonometric polynomials.
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Comparison of the approximations of the eclipses

For the determination of the moments of eclipses, which is the major activity of studies at small telescopes, the
most popuhr method in the computer era is the method of Kwee and van der Woerden (1956), which is
implemented in the commercial software PERANSO T hi s met h otdo olikdk(éplime ofipowes a w

1 and defekt 1) interpolation of the observations in the-ds&rmined interval (near the extremum), and then

a search of the ,symmetry point®* is determined with
underesti mate the statistical error. So Mi kthid 45 ek, C
method.

Someti mes may occur an error due to a ,division by

arguments (e.g. observations at the same time from different observers) or phases (e.g. determination of the
initial epoch for the phaskght curve containing observations from different cycles of variability). In our
realization of the method in the program ,Observati
(2001)), the points with equal arguments are averaged.

Despite formallyone may determine an interpolated value of the extremum, the error estimate of the
interpolated value is typically is not defined.

Ot her methods are based on the | east squares (e.g. A
2015, Chrastina, Mik1 &4 8 e k , & Zej da, 2014) . Kurochkin (1963), N
recommend to use for the approximation of the observation in the interval around trial extremum by an
algebraic polynomial of degrep

P .
Xt)=C,+ @ Cjult- Ty, (4)
j=1

whereT, is some time close to (or inside) the interval near the extremum.

Then the moment of extremum may be found by solving the equaditp) =0, e.g. using the iterations

te =te- X (to)/X'(t) with an error estimates[t.] =s[X'(t.)]/|X'(t)| (e.g. Andronov, 1994, 2005,

Mi kul 48 ek, 2007, 2015) . Contrary to the software PE
polynomial p, we prefer to use the statistically optimal valudich corresponds to the best accuracy of the

timing s[t.]. Using this algorithm, Chinarova & Andronov (2000) determined characteristics of 6509 extrema,
which are the part of their ,CatalSemgiReg wlfamMa$StnarChar ac
Anot her met hod of ,asymptotic parabol a“ fidt was deve
smoothing function is a spline with different degree (1;2;1), or two lines connected with a parabola in such a way

that the function ashits first derivatives are continuous. This method is effective for pulsating variables with
asymmetric extrema, but needs determination of the interval near each extremum, which has nearly linear parts

of the ascending and descending branches. Recentyygh, Andronov, Chinarova et al. (2015) realized both

these methods in the VBA program. A comparison of th
be seenin Fig. 5.

An extension of the method of algebraic polynomials is again a spline veffe@al shapeH (z) = H(- 2),

which is monotonically decreasing froi (0) =1to H(1) =0 and H(2) =0 for |zP 1. Herez=(f - 7,)/Df ,

where 7, is the phase of symmetry of the minimum (typically O and 0.5 for the primary and secondary
minimum, respectively, but may be corrected, if shifted), Bridis a haltduration of the eclipse.

8 http://peranso.com
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The simplest form of such function may b&(z) =1- |Z |b . In Fig. 6, the approximations are shown for=1
(triangle), b =2 (parabola) and also symmetric polynomial of degreékl4z) =1- (1- D4)z2 - D4z4) and 6 :
H(2) =1- (1- D,- Dg)z* - D,z* - Dg2° (5)

Here we usfedlamsgbutpart of the curve, which is appro
constant, sx(f) =C, +C,H ((f - C3)/C,).

m

15.6f
15.7
15.8¢
15.9¢

2MASS J11080447-6143290 A
AP
0.45 0.50 055 0

Figure 5: Approximation of the part of the phase light curve near the secondary minimum (blue points) by the polynomial
with 7 parameters¢6 h or der ) , P,”1s“ feorrr owhiccohr rtihdeor i s shown, .and the

Moreover, the coefficients in Eq. (5) may be rename€as D,,Cgz = Dg. Even the visual comparison shows

that the best approximations are ,S1“H@rexptz885“. Next
and its highly improved versiorsted in Eq.(14)oMi kul a®gk (20

H(2) = (1+Co2” +C,2*)(1- (1- exp- coshg)))™®) (6)

Generally, one may expect that, with an increasing number of the parameters, the quality of the fit will increase.
And this was exelently illustrated Wi k u | & E5¢fr a ¢a®eOohort ascending/descending branches and a

»Shall ow ipkae”a bmilm mum during a planet transit in the
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Figure 6: The approximations of the vicinities of the secondary minimum using various approximations described in th

However, for our example of the EAt ype st ar with no ,plateau”“ at the b
describes the light curve (particularly, the depth of the minimum) even worse than the gaussian. The
approximati ons , S1‘acompeie lightérve, bat better iw depth & thé nomimum.

Another extension of the hyperbolic function was proposed by Andronov (2005) for the case of the asymmetric
maxima (pulsations or outbursts), assuming asymptotically exponential rise and decay:

H() = L @

 expt 2) +exp(+Cs2)

I n the case of symmetric minima (assumed for eclipsin
simplified to H(z) =1/(2coshg)), or, better, to scale by a factor of 24(z) =1/coshg) =secl{z). The

correspoding fit is worse near the beginning/end of the eclipse, but better at the center of the eclipse. One may

try other modifications with additional parameters (in an order of decreasing importance) like
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H(2) = (1+C,z* + Cgz*)seclts (| z| +CsZ?). (8)

Both the gaussian andehfunctions (6), (7), (8), despite good approximating properties, do not allow to
determine the width of the miniDDum n(ewehdiecdh tios roengei sotfe rt

,General Catalogue of Var i ecomespendifgtfinctiondd(z) ®emally mach 2015)

zero only asymptotically, but not at the finite valueq @ff=1. To solve this problem, Andronov (2010, 2012)
proposed to use a locally defined function, and, among few, had chosen

H(2) =@ |z[~)¥2 9)

This function has a correct asymptotic behaviourlaF 1, and was found to be effectivfor dosens of

eclipsing binaries already studied. It seems also to be the best in Fig. 6. This phenomenological approximation
was called , NAV* (,New Al gol Variable®*).

The initial algorithm for a fixed phase curve (i.e. the period and the initial epdaelnmileed using other

methods, e.g. the trigonometrical polynomial fit of statistically optimal degree) was improved in such a way, that
the period and the epoch-larme adét epramianmeed eas . a Ddivti iowrsd
taking intoaccount any model of the period variations similar to other fits (cf. Andronov, M87k ul a4 S e k ,
2015).

The fits and raw graphs shown in Fig. 6 were obtained using the trial version of the software WinCurveFit v.
1.1.2 (Kevin Raner Software), whictealized determination of the coefficients of the {iorar models.
Unfortunately, the program works unstable, and the solution often does not converge even with good initial
point. Other fits were computed using MCV (Andronov & Baklanov, 2004) and otlierprograms. In the

Table 1, we list some characteristics of some fits for a comparison.

As the quality of the fit we use the value ot (best, if equal to unity), but, for the quality of the fit near the
mid-eclipse, we use the vala the minimum and redefin€; = x(f,). In this case, we introduce the function

G(2) =1- H(2), so x(f) =C;- C,G((f- C,)/C3).
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Table 1: Characteristics of the fits of observations near the secondary minimum. The error estimates are in parenthesis ie lastsletimadligit.

G(2) Cy = x(fo) C, C; =Df C,=1o Cs Ce So
NAV: 1- (1- | z[%)¥? 15.9586(50) 0.3794(52) 0.03489(41)  0.499908(84)  1.083(30) 0.99581
sech2(1- seclfz))(1+Csz?) 15.9312(32) 0.3614(35) 0.01135(19)  0.499970(116) -0.00073(17) 0.99253
sechl(l- secl{z)) 15.9346(34) 0.3609(34) 0.01082(15)  0.499979(124) 0.99121
Sech3(1- seclfz))" 15.9175(42) 0.3420(46) 0.00936(34)  0.499981(118) 1.415(115) 0.99229
Kwee &van Woerden (1956) 0.499905(167)
Sl z| 15.9483(25) 0.3684(26) 0.02985(23)  0.499932(102) 0.99381
S2:72 15.8884(40) 0.3055(43)  0.02534(31)  0.499965(208) 0.97538
S4: (1-C5)Z? +C5Z2* 15.8994(31) 0.3185(34) 0.03148(85)  0.499887(157) -1.00(11) 0.98748
S6: (1-C5 - Cg)Z% +Cyz* +Cy2° 15.9192(28) 0.3393(30)  0.0304(33)  0.499956(105) -3.51(21) 1.73(14)  0.99382
Gauss:(1- exp( z2/2)) 15.9166(24) 0.3379(25) 0.01321(13) 0.499932(106) 0.99412
Mi k u | @-8emp- coshg)))™ 15.9164(28) 0.3377(31) 0.1356(9746) 0.499931(107) 105(1512) 0.99411
Mi k u | @-8expll- coshg)) (1+Csz%) 15.9165(28) 0.3372(40) 0.1676(20966) 0.499932(107) 161(4038)  0.010(236) 0.99411
(1- exp(l- coshg))) (1+Cyz2 +C,2%) 15.9159(28)  0.3407(70) 0.1251(10409) 0.499930(107)  88(1461) icl)é%%? 0.99416

Asymptotic parabolarf=5)

Polynomial (bestn= 7 parameters,'6degree)
Symmetric polynomialre = 10, 18" degree)
Trigonometric polynomialrg= 93, 48" degree)

15.9489(38)
15.9126(36)
15.9385(46)
15.9244(21)

0.500223(20)
0.499996(203)
0.499934(95)
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Some fields are missing because the sets used for different methods are different: the trigonometrical polynomial
fit is computed for all the datén =560); the asymptotic parabolafor the smallest interval near métlipse

(points 276..305after sorting in phase), where the ascending/descending branches were nearly linear; the
remaining approximations were done for the points 264..319. The observations were sorted according to phases
computed for the ephemeris (Table 2) obtained for the KiAlr all data. The best accuracy (smallegt,])

is estimated for the asymptotic parabola fit, the second one in this reyting is the NAV fit, which is preferrable
because of using the complete light curve and thus all phenomenologreathgiers may be determined.
Previous studies (Andronov, 2012, Andronov, Tkachenko and Chinarova, 2016) had shown that the NAV fit
typically has much smaller r.m.s. statistical error than the trigonometric polynomial, even if the accuracy of the
curve isnearly the worst near the phases of #alipses due to sharper shape than that of the trigonometrical
polynomial.

A comparison of the exponehtised fits shows that the complification of the basic functions (the gaussian, the
hyperbolic secant) makes minionprovements to the quality of the fit, but the error estimates of the additional
parameters typically exceed these parameters by a factor of many times.

Discussion of the NAV approximation of the complete curve

As was shown above, the basic fH@ELEQLJz’)C, stme<li al shary
where b = C; is the parameter describing behaviour close to theedligse (O- very narrow, 1-triangular, 2

— parabolic, >>2-flat).

The complete function includes a TP2 part (a trigonometrical polynomial of the second order), which

approxi mates three effects: reflection, el lipticity
corrected initial epoch and the period (Androndkachenko & Chinarova, 2016):

X(f)=Cy+C,c08@p(f - fo)) +C38in(2o(f - 7)) + Cycosbp(f - £o)) +Cssin(dp(f - fo)) +

10
+CH(F - £0)/CaiCo) + CH((F - Fo- 05/ Cai Cro). (10)

In previous works (Andronov, 2012), we uségd =0, but, in this recent work, we added two parameters

(Cyy, Cyp) to correct the initial epoch and the period. @furse, when needed, it is possible to add more
parameters to describe the possible period changes.

Some of these and related parameters are listed in Table 2. The corresponding light curves are shown in Figure 7.

It is clearly seen, that the eclipses arell pronounced not only for the EA star, but also for two -B\e
variables.

This is also seen in 6 more stars analyzed by Tkachert
of the ,eclipse s hanpléude stara, pvpeee ahariabilitylisydueitaellipsadality only,
without any eclipses. An additional advantage of such parametrization is also a possibility to estimate the degree

of eclipseY =d, +d, (equal to zero, if no eclipses, and unity, if both eclipsesoda) and the ratio of the mean
brightnesses at the maximum phase of primary and secondary eglipdesd,. If neglecting the limb
darkening, this will be the ratio of the brightnesses of the limbs of two stars, so one may estimaté physica

parameters, as the ,first guess* (="initial wvalues")
model, may be found in Tkachenko & Andronov (2013).
Table 2: Phenomenological characteristics of the eclipsing variable stars.
Star 2MASSJ11080447 USNO-B1.0 1265 USNO-B1.0 12660313413
6143290 0306001
Reference Nicholson (2009) Hambsch, 2007 Hambsch, 2007
Ty 2450941.22839(16) 2454300.36951(28) 2454312.87437(12)
P 2.88349387(38) 0.57930071(41) 0.3003726(34)
Df 0.03480(27) 0.11901(131) 0.10902(120)
Y=d, +d, 0.5978(43) 0.2686(46) 0.2548(36)
g=d,/d, 1.0288(125) 1.5389(337) 1.0971(203)
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Figure 7: The NAV fits for the EAtype star (left) and two EMiype stars (right). At the bottom left figure, the vicinities
the secondary minimum are shown with the NAV and TP46 fits. The line above the fit at the phase interval of the «
aTP2partofie Eq. (10), which describes possible reflect

Multi -color observations

While searching the , Open EuUforamltécalar obdeovations afl ecligsing Var i a
binaries (3- 4 filters), we have foud onl y t he papers by JurysSek & HofAkov
observations are important to determine color indexes and to estimate temperatures of the stars, what allows to
make estimates of the physical parameters using phenomenological modeliegample of such an analysis

using the srdustenpdratuedad mi, moassist y“ r el ati ons was presente
(2015) for the system 2MASS J18024395 + 4003309 = VSX J180243.9+400331.

Summary

Different methods foraa p pr oxi mati on of the |light curve either ,g
(intervals near minima), are compared. The characteristics of variability of the three stars chosen for the analysis,
show an efficiency of the NAV algorithm. Evemifore complicated models may be comparable in accuracy, the

smallest possible number of the NAV parameters and their cleas physical sense is the advantage. The corrected
values of the period and the initial epoch are more accurate than that obtained Inyetttoels, sometimes by a

factor of many times. Thus the NAV algorithm is recommended to be used for phenomenological modeling of

newly discovered or poorly studied stars, for which the physical modelling is impossible (in the sense of solution

in the regon of the parameter space instead of the single point) because of unknown temperatures and mass
ratios.

9 http:/lvar.astro.cz/oejv
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In future, we plan to compile a catalogue of characteristics of a group of eclipsing binaries with published
original observations either that needefr the GCVS, or additional ones proposed while applying the method.
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BRITE i constellation
Project of astronomical nanosatellites

M. ZEJDAL E. PAUNZENL, Z.MI KUL ASEK
(1) Department of Theoretical Physics and Astrophysics, Faculty of SciaserykUniversity, Kot | aF ska 2, 611

Brno, Czech Republiczejda@physics.muni.cz

Abstract: Description ofinternational project of astronomical nanosatellites BRITE is given. Tdjeqtiis open
for collaborative groundbased photometric and spectroscopic (amateur) observations.

Abstrakt: Je uveden popis mezinarodniho projektu astronom
fotometrickad a spektroskppepktka jsomloavidme&mia.todbk e mbh ow
amat érsSti pozorovatel é.

Introduction

The project BRITE was established according to successful Canadian project MOST about 2004 as a joint
CanadiapAustrian project. Later Poland joined the project. Between February 2013 and August 2014, all six
nanosatellites were launched. Five of themveseking in their orbit, but the last one was not deployed from the
platform. The first BRITE science conference Science with BRCDEBStellation: initial results was held in
Gdansk, Poland, 128 September 2015. The conference presentations are availabkiso webpage
https://www.camk.edu.pl/konferencje/brite_science/

BRITE nanosatellites

Nanosatellites of the project BRITE are cubes with edges of 20 cm and weights less than SdktpilSosee
Figure 1. The main equipment on board is a-fares (in 5 cases, in Heweliusz satellite only ftans) telescope

with an aperture of 3 cm and an interline CCD detector from Kodak, KAI t10Phe field of view is 24
degrees and the resoluti is 30 arcseconds per pixel. Each of the participating countries has a pair of
nanosatellites with different fixed photometric filtersee Figure 2.

S-Band Antenna (2)
and Subframe v

Figure 1: Thestructure of BRITE nanosatellite. Image taken fiorte-constellation.at
http://www.urania.edu.pl/wiadomosci/polssatelitanaukowylem-wystartujeza-miesiac.html
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Figure 2: Photometric filters used on boaaf the BRITE satellitesImage taken fromhttp://www.univie.ac.at/brite
constellation/html/filters.html

Targets ofobservations

The brightest stellar objects the sky are usually too bright to be observed by any large survey. They were
observed using photoelectric photometer, but in the era of the CCD technology, they are again too bright for
most telescopes and ingnents. The project BRITE (BRIght Target Explorer) tries to solve this problem and

fill the gap in photometric data. Furthermore, the objects in this range of magnitudes (dprtadj are really
interesting from the astrophysical points of vidwer dedils see e.dattp://www brite-constellation.at
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Figure 3: HertzsprungRussell Diagramvith 534 stars brighter than V <= 4 mag with the object types taken frolil 8T
(Vlenna Selection of Astronomical Targets). For more detail see Weiss et al. (2014). Takbttgrdoasca.ca/?p=6760
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Ground based support

BRITE project scientists welcome all ground based support observations, photometric as well as spectroscopic.
It is very useful to have photometric data in a wide eaoigpassbands and also spectroscopic observations of
selected targets. Such supporting data shouldtbelprivefundamental parametefar all target stars, such
aseffectivetemperaturg surface gravitiesabundancesnd projectedotation velocitiegv.sini). Becaus@f the
brightness of the targets, there is a wide space for collaborations and participations also forastnateumers.

For more observations sbate-constellation.ator contactDr. Konstanz&Zwintz

(konstanze.zwintz_ AT _uibk.ac.at).

Conclusion

BRITE is a successful project of sevepliotometric nanosatellites which results in high accurate photometric
measurements of brighter stellar targetthim sky. The first results have begublished (e.g. Baade et al., 2016,
Pigulski et al., 2016, Weiss et al., 2016). The participatioother astronomers including amateurgiiound
basedsupport observatioris very much welcome
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(Sub-)stellar variability: from 20 Msoi to 13 Mjup
J.A. CABALLERO 12

Q) Landessternwarte Konigstuhl ZAH, Hei del ber g,
(2 Centro de As tINT&BMiadid, Spgin a CS1 C

Abstract: Massive earltype stars vary; lownass latdype brown dwarfs vary, too. | will make a short, but
illustrative, summary of my previous studies on stellar andsseitar photometric variabilitfincluding the
discovery of the most variable brown dwarf in the whole sky), and explain how amateurs can help professional
astronomers with our investigations.

Abstraktt U hmotnych hvézd rannych spektr al ni cihk &,y palb v yakl |l ee
pozorujeme zmwménymiasmpdstsipdvku podavam krat kéeé, al e n
hvézdnéhvad&zdobh proménnosti (véetné objevu extréniho
trpaslika), a ukaew$ti P @Xo rscev anhoeh céu zaanpaotj i t do zajimn

profesionaly.

Introduction

This is the proceeding corresponding to an invited oral contribution that | galieecat the47. konference o
vizkumu pr ombDnnl ¢ heldinNdyemtber 2015einkQstpalraa Czech Republic. The conference,

oriented for both professional and advanced amateur

Exoplanet Section” of the Czech Astronomical Society.
As | state in the abstract, | wished“tmake a short, but illustrative, summary of my previous studies on stellar

and substellar photometric variability . I structured my talk exactly with
mine in thelV international PreAm meeting on binary and multipleass, heldn September 2015 in Vilanova i

|l a Geltra, Spain. This decision was not taken becausc¢

heterogeneous, international audience of professional and amateur astronomers with, in sommitaztsass i
in the use of English.

A bit of history

For warming up the audience (or, in this case, the reader), | raise a question with a debatablevhitbweas
the first variable star?

It has been widely accepted for years that the first
time by David Fabricius in August 1596. Johannes Holwarda determined in 1638 the period of photometric
variability of thenova stella(new star) at 11 months. Later, Johannes Hevelius (1662) gave the star its current

name in his worlHistoriola Mirae Stellag and | s maé |l Bullialdus (1667) deter
d, very close to the modern value of 332 d. Astronomers (or agistd) of Babylonia, China, Korea or Greece
may have discovered the Mira’'s variability well in ad

experts (Manitius 1894; Schaumberger 1935; Hoffleit 1997; Wilk 2007).

During some weeks in therdumn of 1604, a few years before Holwarda determined an approximate period for

Mi r a, the | atest observed supernova in the Mil ky Way
sky after the Moon. Before, in November 1572, more than two deeadlksr than Fabricius found Mira to be
variabl e, Tycho’s SN1572 rivaled Venus in brightness
(Meigetsuki), Arab (UyunaAnba) and, per haps, Ancestr al Puebl oans
SN1054. In Spring 1006, Zhou Keming, Shonghshi, Ali ibn Radwan, monks in Saint Gallyas&lgers of

Yemen andmost of the world populatiosaw SN1006, which peaked¥dt= -7 . 5 mag and was Vi
during daytime. SN185 is believed to be the first supea for which records exist (by the Chinese astronomers

in the Book of Later Harand probably by the RomanrsStothers 1977). Supernovae (of Type la in the cases

above) represent an extreme class of cataclysmic variable stars, so SN185 should take'the Mip | ace of ho
as the first variable star.

Al gol (B Per) was reported to be variable by Geminia
measured the Mira's period. However, accordkdlbyg to Je
ancient Egyptian scribes in the Cairo Calendar as soon as 1224 B.C. Actually, from the scribes data, Jetsu et al.

recovered an Al gol ‘s period of 2.850 d, guite simile
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(1873) at 2.867 d, which iturn is very close to the modern value of 2.867326 d. That Algol is really the first
variable star should not be a surprise, since its name cames from the Arabicsy h gwhich was a
Mesopotamian demon and, in Indi, Algol was also knowhlagvati,* The Changef ul ”

Ultracool variability

At the end of the past century, there were almost 40,000 variable stars known (e.g., as tabulated by the
Combined General Catalog of Variable St3rsanging in the whole spectral type interval from O to M. At the

sane time, the first brown dwarfs and “ultracool” dwar
al. 1995; Nakajima et al. 1995; Delfosse et al. 1997). L and T dwarfs have effective temperatures below 2200 K

and 1300 K, respectively, massesoatbelow the deuterium burning limit at about 0.0¢,sMnd radii of only

about 0.1 Ry (i.e. 1 Ryy. Their small size would facilitate the detection of Easite planets around them with

the transiting method, but it also translates into very lownhasities and, thus, very faint magnitudes.

Before the start of my PhD thesis in October 2000, several authors had investigated the photometric variability

of ultracool dwarfs, but mostly of late M dwarf stars and some #ygply L dwarf, and always in theptical

range Martin & Zapat er oJonGs&Mundd1999:9TerAdrup & d@999; &inney & Tolley

1999). The first photometric monitorisation of ultracool dwarfs in the-imdeared J, H andKs bands), where

mid- and latetype L dwarfs and eardy dwarfs emit the bulk of their radiation, was accomplished during late

2000 and the whole 2001 withCAIRI at the 1.5 m Telescopio Carlos Séanc
& Rebolo (2002) and Caliero et al. (2003) published some preliminary results of this monitorisation. For
exampl e, we were able to get a 1o scatter of 8 mmag
of J = 13.4 mag and = 16.8 mag (visual magnitude should besd tov= 20 mag; Fig. 1) . I n
continued efforts, the combination of an old and relatively small telescope with an instrument of moderate field

of view and suboptimal detector prevented us from detecting any transit (Caballero 2010a), dbtheawaey to

next studies of “weather in brown dwarf atmospheres
the first uncontrovertible detection of photometric variability in two early T dwarfs with periods-of.Z.4 by

Artigau et al. (200pand Radigan et al. (2012).

Mg T T & T &l 12 s A I R
126 | 7 N ]
122 - . - . - v
128 | e " -] 12l ]
124 [ . L ]
. ey d = H < = & - ®
3 126 [ . — :
132 [7 : b s i 128 I ]
[® ¥ & 1 Lk ]
[ 7 ¥ & ® [ B L] =
13.4 [ 7 F I
Lo b b e by 13\||||\||\||\||\|‘|\||\|| 13 PRI IR RIS
0 20 40 60 30 40 50 60 70 0 20 40 80
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Figure 1: Temporal series of Kelu 1 AB (J13@5, filled symbols) and of two nearby reference stars of similar brightness
(open symbols) in the nearfraredJ, H and Ks bands.The monitoring consisted onti seriesduring four consecutive nights
(Caballero 2006).

Variability in G Orionis

| applied what | learned on nemmfrared photometric variability of ultracool dwarfs in the solar neighbourhood
to photometric variability in the optical and neafrared of object of the same mass but at least ten times

further .. And much mor e v armaasbsl ea,ndt obor!o winh edyw awefrse iyno utnhg
= 3 dMa 385 pfcor miangtraegi on that takes its dikesgellarf r om t h
system, which illuminates the famous Hor Beeaoseaftd Nebul a

prominent position in the Orion Belt, but also because of its populationrafy >¢mitters, discs at 3 Ma, the
prototypical heliurrich magnetically-active B2Vp staro Ori E, its HerbigHaro objects, studies on accretion

rates and frequency and, especially, the most complete cluster initial mass function (from 20 to &;006 M
Caballero 2008). The Or i oni s ¢l ust er dlageg mumbeaagblsnowh brewn dwargs pevi t h t
square degree anglith low extinction Thus, in a single shot with a wide field imager, one can investigate the

10 http://www.sai.msu.su/gcvs/
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photometric variability of a few dozen young very lomass stars and brown dwarfs. Because of thaithy

most cluster stars are still in the T Tauri phase; photometric variability due to photospheric activity or accretion
from a circumstellar disc is one of the main features of a T Tauri star. In the early 2000s the formation
mechanism of brown dwarfsag not well understood, and it was not known wether they could also undergo a T
Tauri phase, with all its implications.

A pilot study of opticalandnearnf r ar ed variability of a young brown d\
by Zapatero Osorio &l. (2003). There, we investigated the brown dwarf S Ori 45, of spectral type M8.5 and

approximate mass of 25 M We investigated it in detail because o
Tauri star signpost). We found a tentative period of phetantr i ¢ variability in S Ori 4

value is at the limit of disruption of a fast rotating body, but it was expected from the angular momentum
evolution of such a young lowass body at the end of the main contraction phase.

Caballero etl. (2004) extended the analysis of S Ori 45, and studied it and a2@theown dwarfs and very
low-mass stars with the Wide Field Camera at the 2.5 m Isaac Newton Telescopé batite Perhaps not
surprisingly, 50% of them displayed variability of amplitude 80040 mag (Fig. 2). The faintest brown dwarfs

in our study had magnitudés 21 mag (i.eV > 25 mag) and masses close to the deuterium burning limit of 13
Maup Which isthe lowest boundary of the brown dwarf domain. Below that, one enters in the planetary domain.
The lowmass stars and brown dwarfs investigated by Caballero had photometric variability at all time scales:
from minutes, through days, to years. Palla & Barg2005) used some of the detections of very short period
variability for supporting their scenario of pulsations induced by deuterium burning. Eventually, our work was
cited by Trimble et al. (2006) in theftstrophysics in 200Beview.

015 T ; ; T T — T ——T—] 04 T T T T
N g A\ long-term var.
H‘ O mid-term var. -

O short-term var. |

T no detected var|
03 - -

01 |~ ™S OriJos3s2s 4024241

02 - -

o{loy2)

Amplitude (mag)

S . W S Ori J053918.1-G29%
. m S Ori J0538261-024041.+

005 [

01 -_ A

I -

Figure 2: Left panel:Standard deviation of the differential light curves velsoagnitudes for each target (small dots) in the

second WFC 2006ight. Only objects witho ) < 0.15mag are shown. Mean photometitors are below 5, 15 and

100mmag for objects bghter than = 18, 20 an®2 mag, respectively. Filled squares denote the bibwarf candidates.

Shortt er m variable brown dwarfs are | ab e Right ganel: Ahplitu@s8 of Or i i s
variability versud T cblour. Opentriangles, squares and pentagons denote -Jongd- and shorterm variables,
respectively. Upper limits are shown for the rest of the objects in our sample. Stragission and nednfrared excess

are also indicated (Caballero et al. 2004).

As expectd from a simple extrapolation of the T Tauri stellar phase to lower masses, Caballero et al. (2004)
found that the stronger the Ha emission, the | arger
However, we had not spectroscopy collectedtifi@ most variable brown dwarf of all, dubbed V2728 Ori, for

which however there were hints of naafrared flux excess due to a circumsubstellar disc. We carried out a
spectroscopic analysis of V2728 Ori using LRIS at 10.0 m Keck | and ALFOSC at tie idddic Optical
Telescope, accompanied with a new muléivelength photometric monitoring mainly with the 1.5 Telescopio

Car |l os San c-mfeared, the1.0tmhESA @pécal IGround Station and the 0.8 m IAC80.
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Figure 3: Left panel OGS optial light curve of V2728 Ori (stars) and of a reference star (d@s)y target was monitored

for 3-6 h on each of these four observing nigiR&ght panel Low-resolution NOT spectra@ Or i oni s candi dat es
spectrum corresponds to V2728 Ori. Fioe other objects, the data redwards of 8&Gfe not displayed because of their

very poor signato-noise ratio. The spectrum of the field M6:5ype dwarf DX Cnc, which has been degraded to the same

resolution as the NOT data, is also displayed for @spn (Caballero et al. 2006).

Caballero et al. (2006) summarised the results of our spphtrtmmetric followup (Fig. 3). We confirmed the

irregular photometric variability of V2728 Ori at all timescales. Variations, which did not show any obvious
moduation pattern, were significant from blue wavelengths up toJthend. The maximum amplitude of
variability was of 0.7 mag in scales of I ess than on
pseudee qui val ent width of -250 A, whi ch made the brown
H ato-bolometric luminosities ratio. Actually, we identified other signspots of T Tauri phase, such as other
permitted and forbidden emission lines, blue veiling and strong flux excess in thamtanidinfrared (Harvey

et al. 2012 found that V2728 Oriwaeth sour ce with the highest disc | umin
Herschelsample). A decade later, V2728 Ori is gtié most variable brown dwafidund to date.

The relationship bet ween @rinisevas revisited agaifgunwith & larger ab i | i t
telescope (the 10.4 m Gran Telescopio Canarias with a filler programme) and a large sample of stars and brown
dwarfs from several solar masses to a few Jupiter masses (Caballero et al. 201R)- WitB mag, and much

fainter magnitudesit bluer wavelengths, V2728 Ori is not accesible to most facilities of amateur astronomers.
However, Mayrit 459340 (StHa 50), with~ 11.3 mag and a timescale of variability of months, can be a nice

target for them. Caballero et al. (2008) classifiealsitan A26 Ve star of about 1.4 Msol. In spite of its spectral
type, it has -a@ A dnfrardcéxsess andrveryabnormal blue colours. It seems that the star

is a Herbig Ae/Be UX Ori variable by which it suffers a blueing effect by ae-edglisc. However, it seems

that it underwent a brightening of ~0.9 mag between 2005 and 2006 from spectra flux ratios. These episodes
depend on the relative position of the star, disc and observer. In the box below | enumerate the first task that the
Czeh Astronomical Society (CSA) or any other team of
out:

| Task #1.Quantify longterm highamplitude variability of Mayrit 45934@(5 38 34 .)4 -02 |

Mayrit 459340 is not t IDgonioduster that is hceesildestd damatgur asttomomers. n t h
For example, Manjavacas et al. (2013) measured a short periBd=01.61 h and a small but significant

amplitude of A = 0. ayperstanMagit 584060 (HDS7504r A0 ¥,k 8.5 n&ag@).rtiwgs

part of a PreAm collaboration and an MSc thesis in which we used then8Montcabrer telescope MPC213

for monitoring in white Iight a | arge area of o Orion
short period is tht Mayrit 524060 became one of the veryfeMa & Scut i candi dates knowr

it as a cornerstone for the study of the interior of very young stars of masses slightly larger than that of the Sun.
Although it has a better visibility from Italynd is being monitored already (G. Sordiglioni, priv. comm.), here it
is the second task for the CSA:

| Task #2.Better constraifand A of Mayri t-62436037.06 39 15. 1
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One can also investigate therXay v ar i ab i |Gridnig byosing mublia dag framnspace missions
(Caballero et al. 2009, 2010b). However, hggm e r gy astr ophysi cs may not be of
Star and Exoplanet Section” of any astronomical socie

Variability fAoff the shoulder of Oriono

With theaim of finding new interestinghotometricv ar i abl e st ar s OmonignCaballeroetab t hos e
(2010a) used public data of the All Sky Automated Survey in a 25ateg covering the Orion Belt (including

the purported clusters around Alnilata = ©and Mintaka—6  © rand the Flame Nebula near Alnitak O i

). They identified the 32 most variable bright stars in the area: 16 young Herbig Ae/Be an T Tauri stars, 8 giants

(see one example in Fig. 4) and 8 miscellanea stars (cataclysmicingglgzmntact binaries). Of them, 16 stars

are new, which are related to the third task for the

Task #3.Improve light curves of the 16 new Orion Belt variable stdrs (1.515.0 mag)
. 6 giants

. 6 ecl i p&nowngariablesl poor |l vy

. 4 stare: Waygt 528005 AB, Kiso A903 135, StHa 48, HD 290625
Coordinates provided by Caballero et al. (2010a)
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Figure 4: Left panel Periodogram of the ASAS light curve of the new variable giB#S 05354014. Right panel:phasefolded light
curve ofIRAS 053540142 to the period P = 373.31 d. This extremely red,-bighlitude variable star could be V1299 @@aballero et al.
2010a).

Some of the four young Orion Belt stars that can be followed with amateur telescopeseseuaitlle V1247

Ori, a Herbig Ae/Be star with very particular occultation events as deep ag.62@ag inv band (Caballero

2010b; Fig. 5). The star is however very stable out of occultation, which is probably originated by clumps in a
gapped prdranstional disc (Caballero & Solano 2008; Kraus et al. 2013). With 9. 85 mag, V1247 Ol
available to amateur facilities.
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Figure 5: Left panel: ASAS light curves of V124Dri (bottom blue error bars) and a nearby, slightly brighter, fietdK star for

comparison iID 29076Qp  ~ arcinbh;top, dots). Vertical dotted lines indicate the first day of the years 2001 to 2010. The two main
occultations eents in V12470ri occurred in 200Dec. Vmin = 11.50 mag) and 200eb. ¥min = 11.05mag). Note the seasonal gaR&ght

panel: Spectral energy distribution of V124¢ti. Data points corresponfipm left to right, toU, Br,B, V1, V,Rc, R, l¢, |, J,H, Ks, and 8, 12,

21, 25, 60, and 100 m. Only as a gui dance angsphencablatkdadies of.=yB8000,i15300, 400 gnd PO r pos e, f
are plotted with dotted blue lines. The result of combining the four black bodies is marked veitted blaie line (Caballero 2010b).
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M -dwarf variability, CARMENES and exoplanets

In the last half a dozen years, | have been deeply involved in a new project. CARMEKBSenes] (Calar

Alto high-Resolution search for M dwarfs with Exoearths with Neaf r ar e d and optical
SpectrograpHs) is a nextgeneration instrument built for the 3.5m telescope at the Calar Alto Observatory by a
consortium of German and Spanish institutions (Quirrenbach et al. 2014). It consists of two separated
spectrographs overing the wavelength ranges from 0.52 to 0.
resolutions R = 80, 000 - 10 Gacclrécy radiaematyhmeastiremedt®{aonls?) per f or r
with long-term stability. The fundamental science ohijeetof CARMENES is to carry out a survey D800

latetype mainsequence stars with the goal of detecting-toass planets in their habitable zones. We aim at

being able to detect 2 i planets in the habitable zone of M5V stars. The CARMENES first Vigfih the two

NIR and VIS channels working simultaneously occured in Nov 20iE5science survey of Guaranteed Time
Observations started @1 Jan 201@&nd will last for at least three years.

CARMENCITA, the CARMENES Cool star Information and daTa Avehiis the Mdwarf database from

where we will choose our best target sample of ~300 M dwarfs (Caballero et al. 2013;-Fliorgoo et al.

2015). CARMENCITA currently catalogues about 2200 carefsllg | ect ed M dwar fs norther
For each sta we tabulate dozens of parameters (accurate astrometry, spectral typing, photometry in 20 bands
from the ultraviolet to the mithfrared, rotational and radial velocities;ry count rates and hardness ratios,

close and wide multiplicity data and manym) compiled from the literature or measured by us with new data.

The private ofline catalogue, including preparatory science observations (i.e:régghution imaging, lowand
high-resolution spectroscopy), will be eventually public as a CARMENE&ckeg

We study the variability of our CARMENCITA stars, especially of the 300 GTO targets. For the ones with
exoplanet candidates, we will do a photometric foliggvwith a battery of telescopes (1.23 m Calar Alto, 1.2 m

TIGRE HRT, 0.8 m IAC80, LCOGT.nef...The aim of this followup is to discriminate between planetary

signal and rotation period after a raei@locity detection. However, we have also done a target preparatory

work of compiling in advance all available photometric periods from the litergtdidalgo 2015). These

periods, together withsini from our high resolution spectra and stellar radii from theorical models, allow us to

derive the stellar inclination angieSince the higher the inclination, the higher the transit probability, we have
identified a few M dwarfs that should be monitored in detail: any transiting-siaghplanet with a precise
radialvelocity curve obtained with CARMENES would be a cornemstfur planetary studies, especially if the

pl anet I|lies in the stellar habitable zone. After this

Task #4.Confirm photometric periods of three CARMENCITA M dwarfs
. JOO0428+ 358 ddgP F2.1A th\-)10.4 mag

. J @858 BB-21 1074A): = 79 degP =13.3 d,V = 10.4 mag

» J13007+123 (DT Vir AB)i = 79 degP = 2.89 d,V = 9.75 mag
Coordinates provided by Simbad

Conclusions

The “Variable Star and Exopl anet afamytamateorastranbmetime Cze
the worldcan do a lot of useful things! Hopefully, the examples of what | have done on stellar and substellar
photometric in variablity during my ceer and the tasks proposed here may help them to do new exciting
science.
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the Close Binaries
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Technical University irZvolen 960 53 ZvolenSlovakia

Abstract: Bef or e al | we introdudte abur wobberinvat drexhmamad g
scientific observational program. The core of our paper there is the presentation of the achieved results in the
DSLR observations of the selected eclipsing binaries. The results obtained in this field after the change to the
observations with the CCD Camera MI G800 will be also presented. Finally we present and prove our
possibilities in the modeling of the surraling of the close binaries by the computer tomography method.

Abstrakt: Pr edovsSetkym predstavime]j epStetheizdymnvyBbdadavemf
progr amom. Jadrom prace je prezentacia vysbegkbv dos
premennych hviezd. Vysl edky dosiahnuté v t ol8®@o0o s mer e
budd tiez prezentované. Zaveromoplazéent moemeé o acho lad D¢
dvojhviezd metd6dou pocitacovej tomografie.

Introduction

We have realized small astronomi cal observatory in t
Sebechov. The observatory is as the bodywork of the farrbuilating of our family house. See tligure 1.

We have named our observatory after our dvellowed granedaughter dlinka —J U IObsarvatory. Over the

ground part of the farm odttuilding there is our working room. The dimensions of this room there are 6 x 5 m

and we have there the working talded the library before all. Next there is here the computer end station of the
system for video meteor observations. I n the dome we
the system Schmidt Casseggin. See figure 2. The elevatiofthe dome over the terrain is 8 m. The mounting

is not the original CG5 yet. We have replaced it with the mounting NEQ6/Pro which is certain sense better. The
telescope is equipped with the Omegon 50/350 and the laser finder scopes. The laser finderoddmaad

Omegon too. We remark that this finder scope is for us of specially use in the process of the so called three stars
alignment. We recommend to realize this alignment owing to control every half year even if the telescope is in
asatisfactory mnner adjusted.

The camera- guider Lacerta belong to our telescope too. This camegaider is attached to the next finder

scope Omegon 30/350 too. We have the Omegon imaging flip mirror attached to our telescope tooicthis dev
we use to use for the visual control of the telescope adjustment or for the observation of the selected objects of
the sky with relatively frequent child or adult visitors of our observatory.

The DSLR camera Cannon EOS 50D or the CCD camera M18BRis attached to our telescope according to
the circumstances or scientific goals. The CCD camera is until now without the filters.

Generally we consider our facilities as the fair ones and we mention that we have from 150 to 220 clear sky
nights in ayear. The year 2015 had given us 193 clear nights in common. But one thing is to have the
observatory or the telescope or the clear sky and the second thing is to produce or participate in the real scientific
cowork. That is to say that the scientific work reées (from its nature) orderliness, endurance and the
purposefulness. The occasional look into the eyepiece or the telescope from the sake of image in front of
afireplace in the living room is not enough for the scientific work!

The scientific programoft he J %l i a Observatory
Meteors

We have selected three branches of wedf research in the correspondence with our instrumental facilities and
possibilities in astronomy. Before all we switch on our video camera for the video meteors observations
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everyoneabit clear night. We are the part of the CEMeNt team and e.g. we present with the figure 3 our results
from the October 2015 only.

Figure 2: The telescope in the dome d@lid Observatory.
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Figure 3: The paired trails of meteors from thel | bsarvatOry, October 2015.

Next we participat e programn bf¢he IMB nithg field of Bhe metedtraddeny. Wa “

use the whole sky objectives of so called fish eye type and we have successfully registered more than 500 trials

of bright meteors in the period of five years of obs
system is relatiely simple as there is documented with the figure 4. We do not expose in the time of bright

Moon.

Figure 4: The Perdcon Six TL camera with the fish eye objective Zodiac. We expose on the 6 x 6 film, 400 ASA. The
individual photos are exposed no long®n three hours.
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Figure 5: One of our registered bright meteors just near the so called summer triangle.

Asteriods

ISSN 18015964

The astrometry and to some extent the photometry of the asteroids is the next fields of our interest. We are proud

of the possibilityto take the part in the international-eoo r k  or pr oj ect

named

“Tar ge:

managed from the University of Arizona, Tuscon. We have realized the measurements of approximately 30
asteroids. We have measured more than 100 positions and ptratodeta in common. These our
measurements have been submitted to the MPC through the colleagues from Tucson. Independently we address
our effort to the astrometry and photometry of the asteroids with some relationship to our family e.g. asteroid
Julia or they have something common with our home Slovakia e.g. such asteroids as Tatry, Slovakia or
Milanstefanik. The comets we observe or take the photos occasionally only.

All our results— observations and measurements from this field we submit to the relg@odic or they are

sent to the responsible international center. Our effort had been rewarded e.g. with the lower given certificate.

RAARANRRARAARAARARAARANR

OSIRIS-REx
Target' |
Asterol

q

|ntemational Astronomical

Search Cogaboration

an
7_argct Asteroids!
)

award this certificate to
Vladmir bahgl

in appreciatinn for yomr collaboration in the
International Astronomical Sear ch Collaboration - Target Asieroids! 2014 Campaign
The oheervations and data will supportasteroid research
and future spacecraft missions to near-Earth asteroids,

b
1
D,

Dr, Patrick Miller CarlW. Hergenrother and Dolores H Hill
T45C Director ~ ~ Target Asteroids! T leads
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Jarmary 2015
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Popularization

The popularization of astronomy is very important and integral part of our work. This worktsdnsis the

|l ectures for publicity or roughly three hou+is | ong ¢
Slovak.) for the visitors of our observatory “Juli a”
welcome in our houséhe colleagues- “ e bkiists,yat the head with Dr. Grygar. We feel us exceedingly

enriched spiritually and professionally from these “r

Figure6:The Ebi cyklI i stlsal200clkds ", S Sol vedukelowsal. €he knanlinghedakngtional dress is
one of the authors welcoming the guests traditionally as there is used in Slavic ceuntiiebread and salt.

Variable stars

I n any case the variable stars especdnratl’l ysthielmattere | ose b
of the fact that we have gave up with these topics i
have started with the B Lyrae system and step by st e
the BT Tri system. Ware so satisfied with these results.

BT Tri jednotlivo
Spreadsheet1 10v*261c

0,8
10
12F
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16
18

o m

20 * - = ; 5 3 o m2

0,2 0,0 02 04 06 038 1,0 2 e m3

f a m4

Figure 7:The “rough” 1light curve of the BT Tri system.

That is to say that we have learned to observe the whole four years and of course we have learned us on our own
mistakes mainly. Today we allow us to concludat tthe variable stars observations are mastery for us. We
orient the telescope according to the coordinates of the desired object (of course) after the night begins and we
start as the guider as the camera and we begin to gather the data. The crogsroeeidian is in certain point
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of view a problem but we have mastered it rather | ong
no difficulties with it. If we have some difficulties they are from the wrong weather of course.

The computer tomagraphy

Professor J. M. Kreiner stated before years “There |
sensu obser vovatn Pdrish language¢ miaeardancé with this we have think about the
problem of next and deeperinter@et i on of any observation. Especially i

that the light curve shows certain quasi periodic changes in the primary and in the secondary minimum too for
the period roughly speaking 20 years. See the figure 8.

At that timewe have subjoined them to the existence of some kind of clouds of the interstellar matter between
the binary components. But the word was not sleeping and we was not sleeping too of course.

We have devoted long years of our life to the computer tomograptiyin the frame of this work we have
implemented the relevant algorithms in the C++ Builder language. The computer tomography is known almost to
everybody today as this screening method got fully in the medicine from the year 1970 as the year of its
discovery. Today perhaps there is nobody who is able to imagine the situation that the medicine doctor will not
send a heavy ill person to screen it with the computer tomography. But the computer tomography got through
almost any natural science branththere is the wood sciencen(this field of science we have been active),
archeology, biology or nondestructive testing of materials. So there is no wonder that the computer tomography
—image methods had found their way into the astronomy too.

Figure8: The structure of the primary (left) and of the secondal
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We bethink that in the beginning of the eightieths of the past century the pioneer in this field in our country there

was Mr. J. Hekela. Weaskor ry to say that in such events if someo
usually for derision for the contemporary people. And this had been true in the case of Mr. J. Hekela too. But

the time, as usually find time and bear up him. Today westady the papers of Prof. Mercedes Richards or the

papers of T. R. Marsh or K. Horne. These papers are applying this method (the computer tomography method) in

the field of the close binaries especially.

We will turn off here and we will shortly zoom ithe principles and methods of the computer tomography.
There is far from us to threaten anyone with mathematics. But if someone wish, let it kindly take in his hands the
book Kak— Slaney (1988) submerge in it and he enjoy it to heart’s content. But tetbesvery short. If we

have some function we can evaluate its integral by the Newton / Leibnitz formula. This formula gives us (in
certain case) the content of the (plane) pattern delimited with thimtagval functiorf(x).

b
l f(x)dx=F(b)-F(a).

for]

The other in certain seasnverse problem is if we have the values of the integrals along some lines intersecting
certain object. We will help us with the medicine for explanation and understanding. Such a kind of integral the
fact if we know the Xray pictures e.g. of a head awd would like to know the density of bones or tissues along

the trajectory of the penetratedr®y. So from the mathematical point of view we know the integral and we
should to know the functiof(x,y). In the case our example there are the local demsifibones and tissues in

the human head. There may be of some interest that this probldmedmaablved yet in the year9l7 imperial-
king’ s mathematics of Czech origin J. Radon. But aft
tomograph(the first in the word), his caorker A. Cormack should whole these mathematics work out once
about. There is strongly emotive if you see how precisely there are the formulas of J. Radon and A. Cormack the
same. The time should find the time! Accordiogour opinion the basic formula is making anybody tired and it

is as follows.

R[fl(ee,r) = /f(*rsin(a) — t cos(a),r cos(a) + tsin(a))dt

Or instead of empty words let we see the figure 9. There is a structure of two circles in itsiténteot(
dissimilar to the close binary). There are so called projestad the sides. The projections are in the matter of

fact the integrals along the lines parallel with the delimitative dashed lines through the both circles or through the
individual circles. And in the computer tomography we have these integrals (jmeg@&nd we are looking for

the structure of the objects which these integrals generate. In our example there are the structures of the both
circles on the figure 9. And this is all. After this there are the years of tests, study of the mathematiaatitexts
deep programming and designing.

Figure 9: The principle of the computer tomography.
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We offer the computer tomography method for as wide usage as possible for the study of the interstellar space
around the close binarieBlustratively we are givingin this work the figure 10 which is the result of the
“reconstruction” of the primary minima |ight curves o

Figure 10:The “reconstruction” of the structure characterizing t
The figure number 10 clearly shows that in the inters
there are preseattygtrt@ahaséi hhomomegeneity” are than

light curves of the system in the individual years in such a way as these structures are visible on the courses of
the light curves for these individual years.

As the proof we helpis with the tomographic reconstruction of the real-noifiorm and inhomogeneous object.

And even if there is impossible to go to any eclipsing system as near as we are able independently proof not only

our but anyone tomographic reconstruction we allowws menti on t hat just the first
the computer tomography there had been the scanning of the Moon swustageture with the radar rays.

Figure 11: The tomographic reconstruction of the real object. The circle is the circle. Thésetle edge. The line is the
l'ine. The software is reconstructing the picture ahd he stru

not otherwise.

For the information integrity and ending there is inevitable to add that oasadiffers from the accesses of the
other authors concretely M. Richards, T. R. March and K. Horne. The mentioned authors are reconstructing the
internal structure of the binary system on the base of the velocity field of the inter component spacksé the
binary. This access allows them to obtain the picture of the structure of the space between-tbersiaosents

of the binary system from the one light curve only.
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Figure 2. The lines formed at two binary phases from the velocity space image of a disc are projections of thatimage at
two different angles, The contour levels increase from the outside in by factors of two until the dashed line region
where they decrease towards the centre by the same factor

Figure 12: The projections and the structure of the velocity field of the binary system.

We include in our paper in this sense for better understanding and illustration the figure 12 which is the copy of

the figure 2 from the paper T. R. March and K. Horne (1988%.00rse the matter is not as simple as it seems to

be. In the paper of the authors (Richards M and all. 2009) there had been inevitabletto dldain 3500

spectra to cover the whole light curve of the selected system!!! And these spectra haven nahdieeer but

from the 1 m Kitt Peak telescope or 9 m Holitlyerly Telescope. Well, per aspera ad astra. But this access is
impassable for the astronomers equipped e.g. with hés 9 Celestron. But and we
everybody that under théllhLa Silla astronomy is not ending but beginning. Especially for those who have not
studied astronomy at the university.

Of course we have not at our disposal the field of velocities of any close binary system. That is to say or
however in any system fminary system we observe so called tapping of the line of apsids. So if we have at our
disposal the light curves which cower the rotation of the apsida for 180 degrees we have from the point of view

of the computer t omo gr ap heg projettiens ang this allow Us doorgaize ¢hd ” wi t
tomographic reconstruction of the internal space of the double star. From the point of view of mathematics there

is the same if we are rotating the object or we are rotating around the object in the prdbessoofiputer
reconstruction of the internal structures of the object.

So if we have the light curves we can reconstruct from them the double system to which they belong to. There
are the systems for which the apsida rotates for 180 degrees roughl fibvaleden years. If there is more years

no matter there is substantial that we have the light curves at our disposal. We are able to reconstruct. We
comment that the best is if the light curves are equally spaces through the time. But we have atsalitioispo
software with which we are able to certain extend solve the problem if the light curves ate not (in time of course)
equally spaced round the apsida rotation.

Conclusions

This is our result. This we are proposing and in this field we are prepai@swork in such a way that any
observation of the close binary system wil!/| not be mec
that anybody who would like to be able to see into the interior of his binary system and if he has enough
obsevations or is able to obtain them is welcomed.
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