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Analizlerde Izlenen Yol

KIC 9641031 KIC 9761199
SML (Starspot Modeling Light Curve) Isik Egrisi Analizi
Minimum Zamanlari Lekelerin Modellenmesi

I I

Flare Enerjisi Hesaplamasi Flare Enerjisi Hesaplamasi



Bu calismada, Kepler Uydusu ile elde edilen KIC 9641031 (FL Lyr) ve KIC 9761199
sistemlerinin fotometrik verileri, Kepler Veri Tabani’ndan “ Short Cadence "’ formunda
alinmis ve veri Uzerinde analizler icin uygun formatlarda setler olusturulacak sekilde

dizenlemeler yapilmistir.
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Not : Minimumlar atildi. Sistem Rotational Modulation gosterdigi icin flare baslangic ve bitis noktalari, flare
enerjisi gibi parametrelerin hesaplanabilmesi icin flare parlamalari disinda kalan isik egrisi temel alinarak sistemin
1stk degisimi Fourier Serisi ile modellenmistir. Olusturulan sentetik egri flareler icin temel diizey olarak kabul

edilmistir.
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Aktif bilesen Gzerinde +50° ile +100°
enlemleri arasinda 180° boylam
farkina sahip iki soguk leke oldugu
gorulmustar.

Tam setler icin, leke sicaklk
faktorinin birinci leke icin kw = 0.75,
ikinici leke icin kw = 0.85 oldugu kabul
edilmis ve her bir set icin bu degerler
kullantimistir.
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SPOTMODEL Programi (Ribarik et al. 2003) ile elde edilen leke parametrelerinin zamana gore degisimi.
Sekilde mavi noktalar birinci lekenin (kw = 0.75), kirmizi noktalar ise ikinci lekenin (kw = 0.85)
parametrelerini gostermektedir. Orta paneldeki duz cizgiler ise, iki lekenin boylam degisiminin dogrusal
temsilleridir.
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O-C Il artiklarinin zamana gore degisimi. Mavi renkli noktalar bas minimum, kirmizi renkli
noktalar yan minimumdan okunan zaman artiklarini goéstermektedir. Yan minimum

zamanlarindaki degisim, Tran et al. (2013, 2015) tarafindan yapilan calismalarda leke
konfiglirasyonu kaynakh oldugunu ortaya ¢ikmistir.
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Parameter Value
q 0.68940.001
i(°) 77.4440.01
T (K 4060 (fixed)
T (K) 389141
Q4 8.95940.003
Qo 7.468+0.003
Li/Lt 0.60540.002
91,92 0.32 (fixed)
A, Ao 0.50 (fixed)
T1sbol » L25bol 0.696, 0.686 (fixed)
1, T2 0.709, 0.700 (fixed)
<ry > 0.1211+£0.0001
<re > 0.1093+0.0001

Co — Latgpotr (rad)
Longspory (rad)
Rsporr (rad)
Trspotr

Co — Latgsporrr (rad)
Longspotrr (rad)
Rspotrr (rad)
Trspotll

0.820+0.003
1.710£0.003
0.1804£0.001
0.9404-0.001
0.52440.003
4.71240.003
0.15740.001
0.95040.001
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Hesaplanan flare parametrelerinin birbirleriyle iliskileri
incelendiginde, flare esdeger siiresinin flare toplam
sliresine gore belirli bir kural cercevesinde degistigi
gorulir. SPSS V17.0 (Green et al. 1999) ve GrahpPad
Prism V5.02 (Dawson & Trapp 2004) programlariile
yapilan regression hesaplamalari, flare esdeger
surelerinin dagilimiicin en iyi fonksiyonun the One
Phase Exponential Association (OPEA) oldugunu
gostermistir.

The OPEA fonksiyonu (Motulsky 2007; Spanier &
Oldham 1987) Plateau terimine sahip olan 6zel bir
fonksiyondur. Esdeger siirelerinin dagilimini
tanimlayan bu fonksiyon:

y = yo + (Plateau — yp) x (1 — e™**%)

Y : logaritmik olcekte esdeger suredir

X : flare toplam siiresi

Y, : her hangi bir yildizda gozlenen bir flare igin
minimum esdeger stire
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Plateau degeri ise belirli bir yildizda gézlenen bir
flare icin, esdeger siirenin Gst limitini tanimlar.

Bu parametre, gozlem yapilan dalgaboyu
araliginda flare aktivitesi icin doyma seviyesi
(saturation level) olarak tanimlanmistir (Dal and
Evren 2011).
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Total Time (s)

Parametre

B-V (m)

Toplam Gozlem Siresi (Giin)
Flare Sayisi

Plateau (s)

Half Time (s)

Toplam Esdeger Siire (s)

N; (h?)

KIC 9761199

FL Lyr ;

KIC 9641031
0.740
576.475

240

1.232 £ 0.069
2291.7
556.81321
0.41632

N, = Enf/ZTt

KIC 9761199
1.303
289.829

94

1.951 £ 0.069
1014
628.11671
0.01351
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Flare Parlama Siresi: 1, = é

Flare Sonimlenme Siresi: 71, = i — B
a= R e T = T T Ty Tt X b,n,
BZ

Toplam Isisal Enerji: E; = =

I: Manyetik Lup Yiksekligi Ein: Toplam Isisal Enerji

B: Manyetik Alan Siddeti R: Plazmanin Salma Katsayisi (R « n,)

KAYNAK:

1 Van Den Oord and Barstow (1988) 4 Reeves and Warren (2002) 7 Yokoyama and Shibata (1998)

2 Van Den Oord et al. (1988) 5 Imannishi et al. (2003) 8 Shibata and Yokoyama (1999, 2002)

3 Temmer et al. (2001) 6 Pandey and Singh (2008) 9 Yamamoto et al. (2002)

Bu calismada tim modeller 7, lGzerinden yapilmistir. Sonug olarak 7, ile B ve n, arasinda bir
model kurulabilirse, bir yildizda flare sireci ile ortaya cikan kitle kaybi belirlenebilecek ve
dolayisiyla da yildiz evriminde manyetik aktivite sonucu agisal momentum kayip sorununa
bir cevap verilebilecektir.
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Abstract

This study depends on KIC 9641031 eclipsing binary with a chromospherically active component. There are three type
variations, such as geometrical variations due to eclipses, sinusoidal variations due to the rotational modulations, and also
flares, in the light curves. Taking into account results obtained from observations in the Kepler Mission Database, we dis-
cuss the details of chromospheric activity. The sinusoidal light variations due to rotational modulation and the flare events
were modelled. 92 different data subsets separated using the analytic models were modelled separately to obtain the cool
spot configuration. Acording to the model, there are two active regions separated by about 180° longitudinally between
the latitudes of +-50° and +100°. 240 flares, whose parameters were computed, were detected. Using these parameters, the
OPEA model was derived, in which the Plateau value was found to be 1.23240.069 s, and half-life parameter was found as
2291.7 s. The flare frequency N1 was found as 0.41632 h=!, while the flare frequency N2 was found as 0.00027. Consider-
ing these parameters together with the orbital period variations demonstrates that the period variations depend on chromo-
spheric activity. Comparing the system with its analogue, the activity level of KIC 9641031 is remarkably lower than the
others.

Keywords: binaries: eclipsing — methods: data analysis — methods: statistical — stars: flare — stars: individual: (KIC
9641031) — techniques: photometric
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RESUMEN
Favor de proporcionar un resumen en espanol. If you are unable to
translate your abstract into Spanish, the editors will do it for you.

ABSTRACT

In this study, we present the results obtained from KIC 9761199’s the photo-
metrical data acquired by the Kepler Mission. The light curve of the system,
the sinusoidal variation out-of-eclipses and instant-short term flare events in
the entire light curves were analyzed. The temperature of the secondary com-
ponent was found to be 3891£1 K, while the mass ratio of the components
(g) was found to be 0.68940.001, and the orbital inclination (i) was computed
as 77°.44 + 0°.01. The sinusoidal variation is caused by the stellar spots of
two active regions separated by about 180° longitudinally located around the
latitudes of +47° and +30°. In addition, 94 flares were detected and their
parameters were computed. The OPEA model was derived for these flares
and its parameters were computed. The Plateau value as saturation level for
the active component was found to be 1.95140.069 s, while the half — life
value was found to be 1014 s. The flare frequency Ny was found to be 0.01351
h~', while the flare frequency Ny was found to be 0.00006. Maximum flare
rise time (7)) was found to be 1118.098 s, while maximum flare total time
(T;) was found to be 6767.72 s. Comparing its analogue it is seen that the
chromospheric activity level of KIC 9761199, which is a low-mass close binary
system according to the light curve analyses, is an expected level according
to the (B — V') color index of 1".303 for the active component.

Key Words: techniques: photometric — methods: data analysis — stars:
binaries: eclipsing — stars: low-mass — stars: flare — stars: individual: KIC

9761199
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