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UAK .
015 Icerik

* Gezegen Kesifleri

e Titresim gosteren yildizlar

e @Gunes benzeri titresim gosteren yildizlar

 Mod Kavrami ve Mod turleri

e Sismik Nicelikler ve Referans Minimumlari

e Olceklendirme lliskileri

* Sismik olarak incelenen gezegenli yildizlar

e Tez Kapsaminda incelenen Gezegenli Yildizlar

e MESA evrim kodu ve yildiz i¢c yapi modelleri

* Incelenen gezegenli yildizlarin gézlemsel dzellikleri
* Yapilan ic yapi modelleri ve model sonuclari

* Modellerin Degerlendirilmesi

* Gezegenlerin Temel Parametrelerinin Belirlenmesi
* Sonuglar

-
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UAK

2018
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Kuramsal HR Diyagraminda
Titresim Yapan yildizlar
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UAK Gunes benzeri

2018 tt " Id I
itresim yapan yildizlar
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UAK - Uzaydan yapilan gozlemlerle birlikte kesfedilen Glines benzeri titresim sergileyen
2018  vyildiz sayisi onbinlere ulasmistir.

Uzaydan Yapilan Gozlemler
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UAK Mod

(n, 1, m)

2018

| = toplam dilimleme sayisi
(yatay+dikey)

m = dikey dilimleme sayisi

1=2, m|=1 1=2, mm|=2

Handler (2015)

n = merkezden disari dogru ¢ap dogrultusundaki digiim sayisi -
(radyal mertebe) http://kepler.nasa.gov/
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UAK =25

ic donme

2018
noktalari

=75

Christensen-Dalsgaard (2014)
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UAK

2018

Mod Turleri
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Christensen-Dalsgaard et al. (lecture notes) and Aerts et al. (2010, “Asteroseismology”)
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Buyuik Ayrilma
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(Bedding 2011)

- Yildizin yogunlugunun karekoki ile dogru orantihidir.
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Kiiglik Ayrilma

OV = Vn1 — Vn-1,1+2

Ideal gaz;
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ZAMS: ~15 pHz
Gunes: ~10 pHz

TAMS: ~5 pHz

- Goreli yasi vermektedir.

UAK-2018 - 3 - 7 Eylul 2018 - Nurcan Cetinsaya Konferans Salonu, Kayseri



UAK En biiyiik genlikli frekans

(Arentoft et al. 2008)

2018 “f e
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(Kjeldsen 2014 — Lecture in IMPRS)
(Yildiz ve ark. 2016) T
-En bayuk genlikli modun frekansi Jui T '
kuvvet tayfina cizilen Gauss egrisi ile Vmax~Vac = = 2~ ELH
e !
saptanir. i @
- Kuramsal olarak en blyuk genlikli ) Cs -1 dlnp
frekans, akustik kesme frekansi ile ae H, — P dy
iliskilidir (Brown et al. 1991). (Brown ve ark. 1991)
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o @
ROYAL ASTRONOMICAL SOCIETY

UAK MNRAS 441, 2148-2158 (2014) doi:10.1093/mnras/stu662

——  Fundamental properties of solar-like oscillating stars from frequencies
2018 of minimum Av - I. Model computations for solar composition

M. Yildiz,* Z. Celik Orhan. C. Aksoy and S. Ok

Department of Astronemy and Space Sciences, Science Faculty, Ege University, 35100, Bornova, Izmir, Turkey
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Figure 7. Square of the radial component (equation &) of the displace- 126 1.3 :"l-l -+
ment vector is plotted against the relative radius for the eigenfrequencies l l l l

of 1.0 MiD model with X; = 0.35 around its vmig). The amplitude A in 1{]{][} 13[-}1-} 2“{-]“ Eann 3”[-}“ 3::-.““

equation (8) is arbitrarily chosen to obtain s;rz about unity. Also plotted is the

first adiabatic exponent I'y (thick solid line). I"1 has a local minimum about o ['Iqu]

r=0.98, due to the Hen ionization zone. The location of the local peak in '

g7 relative to the dip in I' determines the departure of the frequencies from ) ) )

the asymptotic relation, with a decrease in the frequency that is larger, the Figure 3. Av as a function of v for 1.0-1.3 h‘]@ models with X, = 0.35.

closer the peak is to the minimum in I'y. While the circles show peaks of The desree of the modes is | = 0 for all of the models
the oscillations, the filled circles represent their projections on I'y. =

-
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. (Av) —4 T 3/2 ——
I\[(j Vmax,® <AI/@> Teﬁ\:Q | Yaricap: %3

—

—2 1/2 ¥ .0
Vmax <AV> Ter Kitle: %8
Vmax,® <AI/@> Teff,@ ’ Kjeldsen (2014)

Gezegenli Yildizlarda;

Huber ve ark. (2013) Yaricap: %3 ) .
(66 Gezegenli yildiz) Kiitle: %7 —> Olgeklendirme

Silva Aguirre ve ark. (2015) Yaricap: %1.1

(33 Gezegenli yildiz) Citle: %33 2 Olceklendirme + Modelleme
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UAK

208

[ ile gelistirilen olgeklendirme Iliskisi

» Olgeklendirme iliskisinde 1% sabit kabul edilmektedir.
* Ancak Yildiz ve ark. (2016) yaptigi calismada Fl sabit olmadigi gortulmustur.

* Bu durumun kutle ve yaricapa etkisi;

_-'n'lir.u_u:a . U'Jma};_.f'fll"r"'max:'i}JS Teﬁ' rlﬂi'i?' 32 filf
Mo  ((Av) [ {Ave))d \Tege @i f3

i f l ."'IIII 2 " 2
lr‘}m:a U"’max ;'I Vmax (@ ) ( Teff rls-ﬁi': ) f Av

Ro  ((AV) /{Ave))? \Tego Lis £

(Yildz ve ark. 2016)

- Elde edilen iliski 90 Glines benzeri titresim gosteren yildiza uygulandi.

-
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Gozlemle Kiyaslanmasi
Etkin Sicakhik

Gines
¢ Gozlem: W
_ 5777 K -8
!5 p
Ku‘%le vmin0 vminl vmin2 d
’ | 5742 K 5831 K 5840K . \
Oncii (Procyon) A ¥ o - HD 1837
& P ,-"” "
R Q" i Sy k. % _
Astrometrik gozlem: N ¥ Girisimolcer:
1.478 Msun (Bond el‘al. 2015) 12.1 £ 0.5 Rsun (Baines et al. 2014)
&N " -
Eski 6lceklendirme iliskisi: Eski dlceklendirme iliskisi:
1.63 Msun 12.91 Rsun
“ 6lceklendirme iliskisi: Ii 6lceklendirme iliskisi:
1.46 Msun 12.42 Rsun
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UAK Gec¢misten Glinumuze Sismik Olarak Incelenen
S Gezegenli Yildizlar
2018
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<> Kepler (K2) <> Kepler (K2 - aday)

uak.info.tr UAK-2018 - 3 - 7 Eylul 2018 - Nurcan Cetinsaya Konferans Salonu, Kayseri



UAK incelenen Gezegenli Yildizlar

2018

- Calisma kapsaminda 40 Gilines benzeri titresim gosteren yildiz arastirildi.

- Buyildizlardan 22’si icin MESA evrim kodu (Paxton ve ark. 2011) ile i¢c yap1 modelleri
yapildi.

- I¢c yap1 modelleri yapilan yildizlarin titresim frekanslari ADIPLS kodu (Christensen-
Dalsgaard 2008) ile elde edildi.

http://kepler.nasa.gov/

- Ayrintili incelenen 22 yildiza ait 41 gezegen ve gezegen adayi bulunmaktadir.
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UAK M ‘-—' ; A (Paxton ve ark. 2011,2013)

2018

Girdi:
M, X, Z,a

MOdEl A D I P LS (Christensen-Dalsgaard, 2008)

1 n freq. err.
0 2 313.6€629 €.03917E-05
0 3 416.0499% 1.60332E-05
0 4 4.92463E-06
0 5 1.71340E-06
0 © 6.44986E-07
0 7 2.65708E-07
0 8 1.09665E-07
0 9 4.59034E-08
e o C 10 2.00633E-08
Frekans Analizi oL L 00:emm 08

e Biyilk Ayrilma (Av)
*  Kigiik Ayrilma (8v) Frekanslar

.124%9¢E-08

1 3

e a0 T 1 1 1.44313E-08

*  En biiyiik genlikli modun frekans (v,,,4,) - (v) 1 7.76743E-09
o 1 12 4.78915E-09

*  Minimumlar (vminO,l,Z) 1=0,1,2 1 13 3.10894E-09
1 14 2.06079E-09

1 15 1.47863E-09

1 16 1.17540E-09

Av =vy; —Vn_1 SV =V — Vno1142 1 18 8.81139E-10

1 19 7.80605E-10

g
Ters

1Hnax
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UAK  |ncelenen Gezegenli Yildizlarin
Gozlemsel Ozellikleri

2018

Yildiz Tepfs [M/H]s loggs Vmax (Av) {dvoz) ¥ min0 ¥minl ¥min2

(K) (dex) (uHz) (uHz) (uHz) (uHz) (uHz)  (uHz)  Koynak
HD 52265 6116 £ 110 0.22 £ 0.05 432 +0.20 2000.0+20 08.1+0.1 82 23381 1845.7 312,17
KIC 3544585 5689 + 48 -0.15 + 0.40 1.56 + 0.06 3366.0 £ B1 145.8 + 0.5 5.6 3283.2 2701.9 2.14.24
KIC 3632418 6148 = 111  -0.10 +0.21 3.94+0.21 1150.0+44 60906 43 14221 10652 7360  1,9,19,20
KIC 4349452 6270 £ 79  -0.04 +0.10 428 +0.03 21060+ 50 983=06 7.8 23652 18845 114,18
KIC 5866724 6211 = 167 0.17 = 0.06 423+ 00l 1880.0+60 806205 7.6 22614 16983 8,14
KIC 6278762 5046 + 74  -0.55 + 0.07 4.60 £ 0.06 4538.0 + 144 170.6+ 0.8 05 42208 34117 6,10
KIC 6521045 5825+ 75 0022010 413003 15020+31 77.0x11 53 16432 12501 10,18

KIC 7199387 5824 £ 50 -0.22 £ 0.08 3.70 £ 0.10 644.0 + 8 38.9 £ 0.8 T47.0 552.8 10

KIC 7206438 STUR £ 75 0.30 + 0.10 1.15 + 0.15 1848.0 + 16 88.7 + 0.1 5.3 1983.2  1540.8 11,13
KIC 80TT137 6072 £ 121 -0.09 £ 0.15 1.07 = 0.03 1324.0 + 39 68.8 £ 0.6 5.6 11494.3  1140.0 10,15
KIC 82092840 6239 + 94 -0.14 +£ 0,10 4.25 + 0.04 1983.0 + 37 92.9 + 0.4 7.8 22456 1730.6 10,23
KIC 8866102 6325 + 75 0.01 + 0.10 2014.0 + 32 94.5 + 0.6 8.0 2420.8 1801.7 1342.0 10,25
KIC 9414417 6253 + 75 -0.13 + 0.10 - 1115.0 + 32 60.1 + 0.3 15 1059.6 730.2 10
KIC 9592705 6174 + 92 0.22 + 0.10 1008.0 + 21 535+ 0.3 1.9 1265.4 971.0 T28.3 10
KIC 9955508 2264 + 95 0.08 = 0.10 1.29 £ 0.12  3546.0 £ 119  153.2 £ 0.1 0.0 3606.2 28428 1,14,19
KIC 10514430 2784 £ 08 -0.11 £ 0.11 : 1303.0 = 30 70.0 £ 1.0 2.9 1388.2  1006.9 10
KIC 10666592 6350 £ 80 0.26 = 0.08 1.07 £ 0.08 11150 £ 110 539.2 £ 0.6 1.5 1569.2 1182.2 T96.5 10,21
KIC 10864656 1095 + 78 -0.07 £ 0,10 3.35 = 0.01 2595+ 4 18.6 £ 0.1 2.2 267.8 22
KIC 10963065 6090 £ 70 -0.25 £ 0.06 1.31 = 0.08 2184.0 + 62 103.2 £ 0.6 7.1 23388 18175 1,5,9.19
KIC 11205426 5793 £ 74 0.12 = 0.07 1.28 £ 0.06 21540 = 13 101.6 £ 0.1 5.6 2212.0 17674 14.16,24
KIC 11401755 5911 + 66 -0.20 + 0.06 1.05 = 0.01 1250.0 + 44 679+ 1.2 5.2 1371.0 1100.9 7.10
KIC 11807274 6225 + 66 0.06 = 0.08 1.13 = 0.01 1496.0 + 56 5T £ 0.3 8.1 1680.9  1334.7 028.6 8,14

Kaynaklar 1. Appourchaux et al. (2012), 2: Ballard et al. (2014), 3: Ballot et al. (2011), 4: Benomar et al. (2014), 5: Bruntt et al.
(2012), 6: Campante et al. (2015), 7: Carter et al. (2012), & Chaplin et al. (2013), 9: Chaplin et al. (2014), 10: Davies et al. (2016), 11:
Deheuvels et al. (2016), 12: Escobar et al. (2012), 13: Everett et al. (2013), 14: Huber et al. (2013), 15: Huber et al. (2014), 16:
Gilliland et al. (2013), 17: Lebreton & Goupil (2014), 18: Marcy et al. (2014), 19: Metcalfe et al. (2014), 20: Molenda-Zakowicz et al.
(2013), 21: P4l et al. (2008), 22: Quinn et al. (2015), 23: Rowe et al. (2014), 24: Santos et al. (2013), 25: Van Eylen et al. (2014)

e R
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UAK Incelenen Gezegenli Yildizlara Genel Bir Bakis

2018 - incelenen yildizlarin titresim frekanslari literatiirden alindi.
- incelenen yildizlardan 10’u anakolda yer almaktadir. Geriye kalan 12 yildiz ise anakol
sonrasidir.
- Yildizlarin etkin sicaklik araligi 4900 ile 6400 K arasindadir.

- Yalnizca 5 yildizda, Ui¢ referans minimumu da birarada gozlendi.

20 - e |

60

AJT /abs
(nHz2)
140

180
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UAK
2018 Model

 Modellerin baslangic degerleri literatlirden alindi. Ayrica bazi
yildizlar icin kutle, 6lceklendirme iliskisi kullanilarak hesaplandi.

 MESA ic yapi modelleri ile hesaplanan titresim frekanslari gbzlem
degerlerine fit edildi. Buradan buyuk ve kli¢cuk ayrilma
parametreleri hesaplanarak gozlem ile kiyaslandi.

 Modellerde etkin sicakligin fit edilmesine 6ncelik verildi. Tayftan
elde edilen etkin sicakliginin hatasi ylksek olanlarin degerleri
Lejeune et al. (1998) yontemi ile elde edildi.

 Modellerden elde edilen titresim frekanslari Av-v ve ove.-v
grafiklerinde gozlem ile kiyaslandi.

- |
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UAK  Buyuk Ayrilma-Frekans Grafigi
- (0rnek yildizlar)

104 I I I I I T i
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KIC 4340452

64

Av \
(nHz)

100

."'n'll.:rfl?.'l 60

| ! ! ! ! !
1400 1800 2200 2600 600 800 1000 1200 1400 1600
v(pHz)

v uHz)

- |
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UAK Kiguk Ayrilma Grafigi
s (6rnek yildizlar)
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UAK Modeller (Sismik olmayan)

e
2018
Yildiz Mmod Y.'.':n'_fmud Zimod Imod Tﬁ'_f_j",mnd Lmod Rmod loggmod
(Mga) (Gyr) (K) (La) (Ra)

HD 52265 1.23 £ 0.02 0.2739 0.0225 3.14 G144 2.24 1.32 = 0.02 4.29
KIC 3544595 0.90 £ 0.08 0.2578 0.0145 G.31 BEGSE 077 0,92 £ 0.02 4.47
KIC 3632418 1.27 £ 0.18 0.2830 0.0180 3.97 G208 4.55 1.85 = 0.06 4.01
KIC 4349452 1.20 = 0.15 0.2792 0.0172 2.70 6270 2.39 1.31 = 0.06 4.28
KIC 5866724 1.27 £ 0.07 0.2145 0.0224 2.90 G155 2.61 1.42 £ 0.03 4.24
KIC 6278762 0.74 £ 0.14 0.2442 0.0121 11.66 B0OT2 .33 0.75 = 0.04 4.56
KIC 6521045 1.10 = 0.06 0.2248 0.0192 7.1 BE56 2.41 1.51 = 0.02 4.12
KIC 7199307 1.24 = 0.13 0.2860 0.0104 3.74 5800 6.70 2.49 = 0.03 3.74
KIC 7206438 1.13 = 0.10 0.2196 0.0172 4.94 G036 2.26 1.38 £ 0.04 4.21
KIC 8077137 1.13 = 0.08 0.2794 0.0170 5.23 G099 343 1.66 = 0.02 4.07
KIC 8202840 1.12 + 0.25 0.25894 0.0120 3.48 6328 2.54 1.33 = 0.08 4.24
KIC 8866102 1.25 £ 0.12 0.2778 0.0186 2.32 6320 2.66 1.36 = 0.04 4.27
KIC 9414417 1.27 £ 0.13 0.2799 0.0165 3.89 6236 4.72 1.86 = 0.04 4.00
KIC 9592705 1.45 + 0.09 0.2699 0.0265 .30 G1AT 5.80 2.10 = 0.02 3.96
KIC 9955598 0.89 = 0.07 0.2368 0.0166 B8.22 5412 0.60 0.88 = 0.02 4.50

KIC 10514430 1.07 = 0.05 0.2271 0.0159 T.53 H846 2.66 1.509 + 0.02 4.06
KIC 10666592 1.55 + 0.01 0.25814 0.0250 1.91 G381 5.02 1.99 + 0.01 4.03
KIC 10864656 1.65 + 0.14 0.3036 0.0250 2.75 5019 12.16 4.62 + 0.08 3.33
KIC 10963065 1.10 = 0.07 0.2214 0.0140 4.00 GOS0 1.88 1.23 = 0.03 4.30
KIC 11205426 1.10 = 0.02 0.2303 0.0236 G.581 B80T 1.60 1.25 = 0.01 4.28
KIC 11401755 1.10 = 0.05 0.2085 0.0135 5.93 5908 3.12 1.64 + 0.02 4.05
KIC 11807274 1.20 £ 0.07 0.2767 0.0197 3.52 G154 3.31 1.60 £ 0.02 4.14

e ——— i —
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UAK
T Model Sonuclar

- Kiitle araligi 0.74 Mgun < My < 1.65 Mgun. incelenen yildizlardan en diisiik kiitleli KIC
6278762 yildizi (0.74 Mgun), en buyuk katleli ise KIC 10864656 (1.65 Mgun) yildizidir.

- KIC 6278762 yildizi ayni zamanda listede bulunan en kicik yaricaph (0.75 Rgun) ve
en yasli (11.66 Gy) yildizdir. En geng yildiz ise KIC 10666592 olup 1.91 Gy yasindadir.

- Model etkin sicakhgi: 5000 K < Teff,mod < 6400 K araligindadir. En sicak yildiz KIC
10666592, en soguk yildiz ise KIC 6278762'dir.

- Baslangi¢c metal bolluklari 0.01 < Z0,mod < 0.0265 araliginda degismektedir.
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UAK Modeller (Sismik)

—
2018

Yildiz {I'ﬁv[:ll miored -' AV o E!:’ Vimax,mod ¥ mini, mod ¥minl, mod ¥minZ, mod
(uHz) (uHz) (uHz) (uHz) (uHz) (uHz)
HD 52265 7.5 03.3 2087.8 2393.0 1857.1 1340.9
KIC 3544595 H.8 146.5 33058 J286.7 2702.4 2034.0
KIC 3632418 4.5 60.9 1096.5 1473.3 1065.5 T6H2.4
KIC 4349452 7.9 098.4 2040.9 2488.8 1884.5 1397.0
KIC 5866724 6.5 89.3 1855.58 2174.3 1633.6 1223.3
KIC 6278762 5.5 180.6 4305.2 4221.5 3324.0 2606.5
KIC 6521045 5.0 T7.4 1461.5 1647.1 1259.7 5043
KIC 7199397 3.4 39.0 GO4.6 T48.0 5h2.2 400.2
KIC 7206438 5.8 893 1778.2 1957.9 1540.5 1118.3
KIC 8077137 4.9 G9.4 1271.1 1594.6 1148.3 85473
KIC 8292840 5.9 03.1 1856.3 2344.6 1742.8 1274.7
KIC 8866102 7.6 04.5 1964.9 2521.7 1830.8 1342.0
KIC 9414417 4.6 5H9.5 1074.2 1066.3 T42.5 433.5
KIC 9592705 4.2 54.0 a70.0 1295.6 063.7 670.4
KIC 9955598 8.1 154.1 J621.6 36093 2842.4 2228.4
KIC 10514430 5.2 70.4 1278.4 13585.5 1077.4 800.4
KIC 10666592 4.4 58.2 1132.5 1602.6 1183.6 529.3

KIC 10864656 17.4 253.2 : 273.9
KIC 10963065 7.4 103.4 2145.9 2394.4 1850.2 1376.9
KIC 11205426 5.2 101.=2 2130.6 2233.6 1769.2 1364.8
KIC 11401755 5.0 G8.0 1228.7 1371.9 1081.6 TH6.8
KIC 11807274 5.5 75.9 1453.5 1836.4 1336.7 1002.5

R EEEEEeE——————_, s ————— ———
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UAK
T Model Sonuclari

e KIC 6278762, KIC 9414417 ve KIC 10963065 vyildizlarinin vgdz-Avgoz
grafiklerinde vminO’dan daha yuksek frekansl bolgede baska minimumlar
saptandi. Ancak KIC 6278762 ve KIC 10963065 vyildizlarinin MESA i¢ yapi
modellerinde bu minimumlar gorilmedi. KIC 9414417 yildizinin MESA ic

yap! modelinde ise bu minimuma ait belirtec gorild.

* vmin-1 olarak adlandirilan minimumun referans minimumlarindan biri
olup olmadigi ve gilnes benzeri titresim vyapan vyildizlarin temel

parametrelerine etkisi icin daha fazla arastirmanin yapilmasi gerekiyor.

- |
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% Modellerin Degerlendirilmesi
1
NORMALIZE x2 YONTEMI

- Model ve gozlem arasindaki uyumu degerlendirmeye yarar (Silva Aguirre ve
ark. 2015).
- Bu calisma kapsaminda hem tayfsal hem de sismik acidan ayri bir

degerlendirme yapildi.

Tayf Verilerine x2 Yonteminin Uygulanmasi

X?ayf = X%eff t X?ogg

o _ [Teffgsz=TeffmEsa :
Kreff = OTeff

- |
uak.info.tr UAK-2018 - 3 - 7 Eylul 2018 - Nurcan Cetinsaya Konferans Salonu, Kayseri



] —
U AK Yilduz Tetor Ol 102850 Chgowe TeiMisA  [0ZEMESA Xt
— HD 52265 6116 110 1.32 0.20 6144 1.20 0.1
2018 KIC 3544595 5689 48 4.56 0.06 5658 AT 27
KIC Jmmx 6148 111 3.94 0.21 6208 4.01 0.4
KIC 43494 6270 79 4.28 0.03 6270 4.28 0.0
KIC 58667 .-1 6211 167 .23 0.01 6155 4.24 1.1
KIC 6278762 5046 74 4.60 0.06 5072 4.56 0.6
KIC 6521045 0825 (i} 413 0.03 a85( 4.12 0.3
KIC 7199397 5824 5  3.70 0.10 589 3.74 1.9
KIC 7296438 5798 75 115 0.15 603 4.21 10.2
KIC 8077137 6072 121 407 003 6099 107 0l 14 yildiz igin elde
KIC 8292840 6239 94 1,25 0.04 6328 4.24 1.0 p— edilen Sonuglar
KIC 8866102 6325 5 6320 4.27 0.0 . .-
KIC 9414417 6253 623 4.00 0.1 cok iyidir (y2<1).
KIC 9592705 6174 92 6187 3.96 (.0
KIC 9955598 5264 95 1,29 0.12 541 1.50 5.5
KIC 10514430 5784 9% H84( 4.06 (.4
KIC 10666592 635 X0 .07 (.08 6381 1.04 0.4
KIC 10864656 4905 78 .35 0.01 5019 3.33 4.1
KIC 10063065 600 70 1.3] 0.08 6O 1.30 (0.0
KIC 11205426 5703 74 1.28 0.06 5807 I8 0.0
KIC 11401755 59011 66 1.05 0.01 5008 1.05 1.7
KIC 11807274 6225 66 .13 0.01 6154 .14 2.2

Model ve gozlem arasindaki uyumsuzluklarin kaynaklar:
- Tayfsal verilerin elde edilme yontemleri arasindaki farkliliklar

- Tafysal ve sismik logg arasindaki fark
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UAK

—— Modellerin Degerlendirilmesi
1
NORMALIZE x2 YONTEMI

-  Model ve gozlem arasindaki uyumu degerlendirmeye yarar.
- Bu calisma kapsaminda hem tayfsal hem de sismik acidan ayri bir

degerlendirme yapildi.

Titresim Frekanslarina x2 Yonteminin Uygulanmasi

. : 2
2 1 Z-“*fr@.l: Vgiz,i—VMESAL
X s N =i=1 -
N frek Ugaz.i

- |
uak.info.tr UAK-2018 - 3 - 7 Eylul 2018 - Nurcan Cetinsaya Konferans Salonu, Kayseri



UAK Model ve gozlem arasindaki uyumsuzluklarin
2018 kaynaklari:
Yildiz \I‘L“ (: \i\:l
HD 52265 045 054 0.34

- Karma mod gosteren yildizlar;

KIC 3544595 024 036 0.35
KIC 3632418 043 054 033
KIC 4349452 0.19 031 041
KIC 5866724 0.26 0.26 0.63

KIC 7199397 karma mod gosterdigi icin | = 1 dereceli

KIC 6278762 039 021 0.27 frekanslardaki duzensizlikten dolayl hesaplanamadi.
KIC 6521045 024 027 046

KIC 7199397  0.35

KIC 7296438 040 044 0.33 5 _ )

KIC 8077137 029 0.16 0.69 - Gozlemsel veri sayisina gore farkhlik;

KIC 8202840  0.36 031 0.80

KIC 8866102 020 027 0.35 KIC 7199397 yildizinin | = 2 dereceli frekans veri sayisinin
KIC 9414417 022 057 0.25

KIC 9502705  0.33 015 0.2 azhgindan dolayl hesaplanamadi.

KIC 9955598  0.27 0.27 0.33

KIC 10514430 025 0.24 049

KIC 10666592 0.24 0.38 0.43

KIC 10864656 0.28 044 0.7 - Titresim frekans derecesine gore farklilik
KIC 10963065 0.36 0.36 0.38

KIC 11295426 0.25 027 0.26

KIC 11401755 0.26 041 0.49

KIC 11807274 0.27 031 0.50 - YuZey etkileri

- |
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uak Olceklendirme lligkisi — Yildiz Modelleri

2018

Olceklendirme iliskisinden elde edilen kiitle

ve yaricap modellerle kiyaslandiginda;

1.8

) IIF
IO [=]
[

1.0

0.6

AM/M =3AR/R.

\

— frekanslari

0.2

AM
M

0

-0.2

-0.4

) 0.1 0.2
AR

R

(Yildiz ve ark. 2016)

Yildiz i¢ yapi modellerinde titresim

gozlemle cakistirilirken

0.2
| 1 | | yogunluk parametresi fit edilmektedir.
0.2 0.6 1.0 1.4 1.8
(Yildhz ve ark. 2016)
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UAK Gezegen ve Gezegen Adaylarinin Temel

2018 Parametre Hesabi

- Yildizlarin yogunluklari asterosismik yontemle ile yiksek duyarhlikla belirlenir.

- Incelenen gezegenler gecis ve dikine hiz ydntemleri ile kesfedilmistir.

] Gegis gozlemleri
A Single Systems R
L ¢ Multiple Systems *// ] 3T a
o)~ 557 ()
1.00 1_211?13-{} i / . f_rP* R*
"".’E !% ] (Seager & Mallen-Ornelas 2003)
u #
o i
= E é L L
5 | & |
5 U'w; - ﬁ ] Dikine hiz gézlemleri
: ’J | 2/3 2\1/2 1/3
- } s | Mpsini = MIZK(1 - &) P(P/27G)
y (Lebreton & Goupil 2014)
0.01.7 ] e
0.01 0.10 1.00

Pscism (8 cm™)
(Huber ve ark. 2013)
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UAK

2018

kesfe

Gegis (Transit) YOntemi

incelenen 22 vyildizdan

dilmistir.

16 tanesinde gecis yontemiyle 31 gezegen

eksen uzunlugu (a) ve yoriinge egikligi (i) glincellendi.

(Seager & Mallen-
Ornelas 2003)

Bu gezegenlerin yaricapi (Rp) ve yoriinge temel parametrelerinden yari-blyuk

/ \\\
5 1/3
,,/// / \\. P; G A/M* J
/ \ a=|—
;‘:“ /R* ‘-‘..‘.‘l 4 /1 2
""‘._ be a cosi .-"";
D& @& @ i=cos | b—
“I . Frotransit — Firansit Rf’ ?
AF = - =\
T\I Fio transit Ry
[.
:

uak.info.tr
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UAK Gegis Yontemi ile Kesfedilen Gezegenlerin

~2018 uncellenen Parametreleri
2018 G 1 P trel

P ff'|-.|-_| Rp a i

Gezegen (d) (Ra) (Ra) (AU) °)
Kepler-2b 2304735 £ 0000000 16.30 + 0.15 1642 + 0.08 0.04 = 0.01 O0.00
Kepler-21b QTR + 0000004 1.59 + 0.01 1.58 £ 005 004 = 0.01 54.95
Kepler-25h 192, 7H0E874 £ 0000002 1.51 = 0.08 152+ 0920 011+ 0.01 20.66
Kepler-25¢ 6.238535 + 0000002 264 = 0.04 264 =012 0.07 = 0.01 50095
Kepler-36ib 16231920 + 0000014 3.04 + 0.05 307 0.4 013 = 0.01 2761
Kepler-36ic 13849843 + 0000059 1458 & 0.02 149 + 005 012+ 0.01 5018
Kepler-50b T.R1I2858 £ 0000020 1.54 + 0.03 1.56 = 0.02 0.08 = 0.01 BRO2T
Kepler-50¢ 9376643 + 0.000019 1.82 + .03 184 + 028 010 = 0.01 87.54
Kepler-65b 5550030 £ 0.000003 a2, ”.” 0.04 2552005 007+ 0.01 5084
Kepler-6ihec DA154900 £ 0000002 1.50 = 0.03 1.80 = 000 004 = 0.01 33.02
Kepler-65d S5.131225 + 0000014 1_TE> + 0.03 1.76 + 0.04 0.09 + 0.01 86.15
Kepler-68h 5.308754 £ 0.000002 2,99 4+ 0.03 231 0. 0.06 = 0.01 5080
Kepler-68c 0605030 £ 0.000032 002 + 0.01 003 003 009+ 0.01 30.74
Kepler-93b 4. 726740 £ 0000002 1.59 = 0.04 1.59 £ 003 005+ 0.01 2688
Kepler-100b 12815884 = 00000182 D98 4+ 0,06 2324003 011 +0.01 B7.85
Kepler-100c A.887060 £ 0000020 1.31 = 0.03 1.33 £ 022 007 = 0.01 27.19
Kepler-1004 A5.3%308T + 0000216 1.50 + 0.03 1.52 + 0.38 0,292 + 0.01 5591
Kepler-126b 10495678 = 0.000017 1.54 = 0.02 1.50 =009 010+ 0.01 B7.50
Kepler-126c 100, 229260 < 0000174 247 + 0.04 241 £ 0.14 0.44 = 006 2998
Kepler-126d 1. 869676 = 0000054 1.56 + 0.03 1.53 =+ 0.06 016 = 0.02 B840
Kepler-128b 150896502 + 0000044 1.43 = 0.03 143+ 005 013+ 0.01 50.93
Kepler-128¢c 29 80081 = 0000102 1.42 + 0.03 142+ 026 017+ 0.01 22.30
Kepler-408b D AG5026 + 0.000005 0.70 = 0.01 0.0 = 0.01 .04 = 0.01 5.80
Kepler-409b 68958608 = 0000214 0.98 + 0.02 008 =003 032 +0.01 =50.90

Kepler-410Ab 17.833682 + 0.000012 2.47 + 0.04 248 £ 0.07 014 £ 001  90.00

Kepler-432b 59501077 + 0.000142  12.39 + 0.36 1376 £ 021 032 = 0.02 8077
Kepler-444b 3.600106 + 0.000008 031 +0.02 039+002 004001 8827
Kepler-444c 4545878 £ 0.000007  030:004 050+002 005=£001 8860
Kepler-444d 6.180406 + 0.000013 040 +0.04 051002 006=001 89.13
Kepler-444e 7.743476 + 0.000017 042 +0.04 053+003 007+001 8899
Kepler-444f 0.740484 + 0.000014 051 £0.05 064003 008 =001 89.75 (Rowe et al. 2015)

————— —sss—e——
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UAK Gegis Yontemi ile Kesfedilen Gezegen

2018  Adaylarinin Guncellenen Parametreleri

- Incelenen 22 yildizdan 5 tanesinde gecis yontemiyle 5 gezegen adayi saptanmistir.

- Bu gezegen adaylarinin yaricapi (Rp) ve yoriinge temel parametrelerinden yari-

blylk eksen uzunlugu (a) ve yortinge egikligi (i) giincellendi.

Gezegen adayi P Rt Rp il i
(d) (Ra) (R (AU) (")
KOI-Th 105 882303 + 0.000252 10.50 + 0.25 10.35 + 0.08 0.47 + 0.03 =®8.04
KOI-263 20719520 £ 0.000062 2.32 + 0.05 2,35 £ 0,07 0.15 = 001 20,09
KOI-288 10275317 + 0.000012 317 + 0.06 3.15 + 0.24 011 £ 001 B7.06
KOI-364 173877461 + 0.000000 (.54 + 0.03 0.57 + 0.02 0.63 + 0.03 RO.G3
KOI-974 B3 505538 + 0.000140 2409 £ 0.06 251 £ 0.02 0.30 = 002 2002

(Rowe et al. 2015)

- |
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Guncellenen Gezegen Yarigapi
UAK
2018 I B R
Gezegen . %
1.5 - -
Gezegen
adayi B
05F s
AR, ré s
IRa?m-I h)
-0.5 .
15 F ’ :
I I I I I I I I l

2 1.6 1.2 0.8 0.4

log(Fop)(d)

*Kepler-2b, Kepler-432b ve Kepler-444c, d, e ve f gezegenlerindeki glincelleme dikkat
cekicidir. Bu gezegenlerin yaricaplari literatlir yaricaplarindan yaklasik olarak %25 daha fazla
elde edildi.
. __ |
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a1, Dikine Hiz Yontemi ile Kesfedilen Gezegenlerin

UAK . )
— Guncellenen Parametreleri

- incelenen 22 yildizdan 6 tanesinin sahip oldugu, dikine hiz ydntemi ile kesfedilen, 6

gezegenin kitlesi gincellendi.

Radial Velocity Measurements using Doppler
Spectroscopy

Observed Period of Star

M,sini = MZPK(1 - e*)"*(P/27G)' >

star

(Lebreton & Goupil 2014)

~ Velocity (m/s)

15
Time (years)
} il r |.|- |.I- 5 ol |.I-
Gezegen F . ¢ A i L Tp Kaynak
(d] (ATT) ||'F-Irj||p' :l.“riup'

HID 52265b 119.60 + 0.42 (.50 = 0.35 RIS 1.05 + 0.03 M xini 1.08 + 0.03 Maef et al. (2001)
Kepler-25d 123.00 £ 2.00 0.28 + 0.04 %) .29 + U5 Marcy et al. {2014)
Kepler-68d RR0.00 + 15.00 1.40 = 0,03 0,18 = 0.05 0.95 + 0.04 M zini (0.096 + 0.27 Cilliland ot al. {2013)
Kepler-93c 1460.00 .00 %) 208 Marcy et al. {2014)
Kepler-432¢c 406.20 £ 3.90 0.50 + 0.03 243 + 0.22 Mxini 282 + .38 Cuinnm et al. (2015)

- |
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UAK Sonuclar

2018

e Asterosismoloji, yildizlarin i¢ yapi ve evrimlerinin anlasilmasi icin kullanilabilecek en
iyi yontemlerden biridir.

e Titresim frekanslarn kullanilarak i¢c yapi modelleri sayesinde yildizlarin temel
parametreleri elde edilir.

e« Referans minimumlari, vyildizlarin temel parametrelerine vyiksek duyarlilik
gostermektedir (Yildiz ve ark. 2014).

* Calisma kapsaminda Gunes benzeri titresim yapan 40 gezegenli yildiz incelendi.

* Farkh evrim basamaklarinda yer alan CoRoT ve Kepler tarafindan goézlenen 22
gezegenli yildizin MESA evrim kodu ile i¢c yapi modeli yapilarak temel parametreleri
hesaplandi.

e Gozlemsel degerlere en vyakin modelin Av-v grafigindeki model-gbzlem
desenlerinin uyumu sonucu oldugu gorulda.

* Yapilan i¢c yapi model parametreleri normalize edilmis x2 yontemi ile hem tayf
parametreleri hem de gozlem titresim frekanslari acisindan ayri ayri
degerlendirildi. Tayf parametreleri acisindan 14 yildizin, sismik veriler agisindan ise
21 yildizin gozlem ve model degerleri arasindaki uyum yuksektir.

Bu ¢alisma TUBITAK 112T989 projesi tarafindan desteklendi.

- |
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UAK Sonuclar

2018

*  Modeller sonucunda:
- Kiitle araligi 0.74 Mgun < My < 1.65 Mgun. incelenen yildizlardan en diisiik kiitleli KIC 6278762 yildizi (0.74

Mgun), en buyuk kitleli ise KIC 10864656 (1.65 Mgun) yildizidir.

- KIC 6278762 yildizi ayni zamanda listede bulunan en kiglik yaricapli (0.75 Rgun) ve en yasli (11.66 Gy) yildizdir.
En genc yildiz ise KIC 10666592 olup 1.91 Gy yasindadir.

Model etkin sicakhgi: 5000 K < Teff, mod < 6400 K araligindadir. En sicak yildiz KIC 10666592, en soguk yildiz
ise KIC 6278762'dir.

- Baslangi¢ metal bolluklari 0.01 < Z0,mod < 0.0265 araliginda degismektedir.

* KIC 6278762, KIC 9414417 ve KIC 10963065 yildizlarinin vgoz-Avgoz grafiklerinde vmin0’dan daha ylksek
frekansli bolgede baska minimumlar saptandi. Ancak KIC 6278762 ve KIC 10963065 yildizlarinin MESA i¢
yapi modellerinde bu minimumlar gorilmedi. KIC 9414417 yildizinin MESA i¢ yapi modelinde ise bu

minimuma ait belirte¢ gorildu.

* vmin-1 olarak adlandirilan minimumun referans minimumlarindan biri olup olmadigl ve glines benzeri

titresim yapan yildizlarin temel parametrelerine etkisi icin daha fazla arastirmanin yapilmasi gerekiyor.

|
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UAK Sonuclar

2018

 Hesaplanan yeni yildiz parametreleri ile gecis yontemi ile kesfedilen 31 gezegen ve 5 gezegen

adayinin yaricaplariile yoriinge parametreleri (a ve i) revize edildi:

- Gegis yontemi ile kesfedilen gezegenlerin yarigaplari 0.35 Ryer < Rg < 16.50 Ryer araligindadir.
Yaricaplari elde edilen gezegenlerin bliylk kismi kaya¢ gezegen boyutlarinda (~1-2 Ryer) olup bunlarin

disinda 2 dev gaz gezegen (Kepler-432b: ~1.23 Rjup ve Kepler-2b: ~1.46 Rjup) daha saptandi.

- Kepler-2b, Kepler-432b ve Kepler-444c, d, e ve f gezegenlerindeki glincelleme dikkat cekicidir. Bu

gezegenlerin yarigaplari literatir yarigaplarindan yaklasik olarak %25 daha fazla elde edildi.

- Egiklik acilari 90 derece civarinda c¢ikan (85 < i < 90) gezegenlerin yari-blyuk eksen uzunluklari 0.04 AB
< a < 0.35 AB araligindadir. Yildizina en yakin olanlar Kepler-2b, Kepler-21b, Kepler-65c, Kepler-408b ve
Kepler-444b olup vyari-blyik eksen uzunluklari 0.04 AB’dir. Kepler-2b ise yildizina yakinhg ve

boyutundan dolayi bir sicak Jupiter'dir.

- incelenen 5 gezegen adayinin yaricap araligi ise 0.55 Ryer < Rg,aday < 10.50 Ryer’dir. Yari biiyiik eksen

uzunluklari da 0.10 AB < a < 0.65 AB araligindadir.
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UAK
T Sonuclar

e Dikine hiz yontemi ile kesfedilen 5 gezegenin kutleleri yeniden hesaplandi:

- Egiklik acisi bilinen Kepler-25d ve Kepler-93c gezegenlerinin kutleleri,

sirasiyla, 0.29 Mjup ve 2.98 Mjup olarak elde edildi.

- Diger Uc gezegenin kutlesi ise Msini cinsinden hesaplanarak 0.95 Mjup < Mg
< 3 Mjup araligindadir. Gezegenlerden en dusuk kiitleli Kepler-25d (~92 Myer),
en bayuk kutleli ise Kepler-432c (~3 Mjup)’dir.

- Kepler-432c ve HD 52265b gezegenlerinin ise kitlelerindeki farklar kayda
degerdir. Kepler-432c’nin kutlesi %16, HD 52265b’nin ise %3 literatir
degerinden daha fazla bulundu.
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