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Giines Sistemi Disindaki Gezegenler (Otegezegenler)

( Kesif icin Kullanilan Yontemler 1

( Dikine (Radyal) Hiz (veya Doppler h1z1)\

* Gegis (Transit)

* Dogrudan Gortintiilleme (Kizilotest)

« Zamanlama (Timing)

 Kiitle Cekimsel Mikromercek

{Konumélgﬁm (Astrometri) yontemidir. /
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Secilmis Bazi Orten Yakin Cift Yildiz Sistemlerinde Gezegen Arastiriimasi

{Dikine (Radyal) Hiz (veya Doppler hizi) W
@1 20 yilda Giines benzeri yildizlarin etrafinda dolanan yiizlerce gezegenin \
biiyiik cogunlugu uluslar arasi “dikine hiz” programlari ile kesfedildi.

« HARPS (the High Accuracy Radial velocity Planetary Search project)
* APPS (the Anglo-Australian Planet Search)

* Bu programlar hem diisiik dikine hizlarin algilanabilmesi hem de daha uzun
gozlemsel verilerin erisimine olanak saglanmasi i¢in kullanilmaktadir.

* Dikine hiz yontemi ile hassas tayfol¢erler kullanilarak gezegeni olan bir
yildizin dikine hizindaki kiiciik diizenli degisimler arastirilr.

* Bu diizenli degisimler Olgiilerek gezegenin kiitlesi ile yoriingesinin egimi

hesaplanabilir.
Mayor ve ark. 2009, Wittenmyer ve ark. y

<
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Giines Sistemi Disindaki Gezegenler (Otegezegenler)

{ Gecis (Transit) W

@(15 acimiza gore bir gezegenin bagh oldugu yildizin 6niinden gegerm
ortiilmeden dolayr neden oldugu yildizin parlakhgindaki kiiciik diizenli 151k
degisimlerinin olciildiigii bir yontemdir

* (Cok hassas isikolgerler ile gozlem yapilmakta
» Gezegenlerin fiziksel boyutlar1 hakkinda bilgiler verir

Yer-tabanlh gozlemlere
 WASP (Wide Angle Search for Planets)
 HAT (Hungarian Automated Telescopes)
projeleri onciiliik etmektedir.

KEPLER uydusu (0.95 m, NASA) bugiine kadar 150’ye yakin varligi
kanitlanmis gezegen ve 2700°den fazla aday gezegen ile basarisini kanitlanmistir,

\ (Burke ve ark. 2014, Smith ve ark. 2012, Howard ve ark. 2012, Doyle ve ark. 2011).
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Secilmis Bazi Orten Yakin Cift Yildiz Sistemlerinde Gezegen Arastiriimasi

{ Zamanlama (Timing) W

ﬁlmanlama” gozlemleri = baz ¢ift yildiz sist. etrafinda gezegenlerin \
varligina dair kanit (Lee ve ark. 2009).

KEPLER - Gegis yontemi -2 Cift yildiz sistemi etrafinda gezegen kesfi

(Doyle ve ark. 2011).

Yontem:

Cift yildiz sistemlerindeki iki y1ldizin birbirlerini ortme zamanlarinda
gozlenen periyodik degisimin Isik-Zaman Etkisi (LTE: Light Time Effect)
olgusundan yola cikarak yapilan hesaplamalar.

Uygulama alani:
« Kataklismik Degisenler (CV)
« Beyaz Ciice ve Roche sisimini dolduran M sinifi yildizlardan olusan etkilesen

\gift yildiz sistemleri (PCEBS: Ortak Zarf Sonras1 Cift Yildizlar) gibi /
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Giines Sistemi Disindaki Gezegenler (Otegezegenler)

{ Zamanlama (Timing) W

/Gézlenen ve hesaplanan tutulma zamanlar1 arasindaki farklar
(O-C: Observed — Calculated)

» dogrusal 151k elemanlariyla (lineer efemeris) irdelenir
» kalan artiklar1 (residual) ¢evrimsel yapili degisimler gosterir.

Bu degisimler

* Gezegenlerin etrafinda dolandig: ¢ift yildiz sistemine yaptig: kiitle ¢cekimsel
etkisi sonucu sistemdeki yildizlarin birbirlerini ortmesi sirasinda sistemin
15181n1n bize biraz daha ge¢ veya erken gelmesinden kaynaklanir.

* Bu Isik-Zaman Etkisi Ol¢iilebilir olup bu tiirden ¢ift yildiz sistemlerinde

gezegen olup olmadigini arastirmak 1¢in kullanilabilir
(Horner ve ark. 2012b; Marsh ve ark. 2014)
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Secilmis Bazi Orten Yakin Cift Yildiz Sistemlerinde Gezegen Arastiriimasi

{ Incelenecek Kaynaklar W

N

* Her gézlem donemi i¢in 2—3 ortiilme gozlemek yeterli olmaktadar.

» Segilen kaynaklar kisa yoriinge donemlerine sahip (1.77-10 saat) oldugundan
bir gézlem sezonu igerisinde ¢ok fazla ortiilme gozleyebilme avantaj1 vardir.

* Ayrica, yilin her zamani igin goézlenebilecek aday kaynaklar secilmistir.

Yilchz Donem Parlaklik Yildiz Donem Parlaklik

(Saat) V (Kadir ) (Saat) V (Kadir )
PCEBs W UMa
NY Mr 2.424 133 XY Leo 6.818 967
NSVS 14256825 2.649 13.2
HS 2231+2441 2 654 14.1 CVs
HW Vir 2.801 10.7 HT Cas 1.77 12.5
NSVS 05629361 3.018 12.7 HU Agr 2.08 14.8
QS Vir 3618 148 IP Peg 3.80 13.5
NSVS07826147 3.822 13.0 U Gem 417 6.20
V471 Tau 12.51 9.50 DQ Her 4.50 15.0

EX Dra 5.03 13.0
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Giines Sistemi Disindaki Gezegenler (Otegezegenler)

{ Kullanilan Gozlemevleri W

@ﬁk Cisimler icin (yilda iki donem) \
e Thai National Observatory (TNO, 2.4 m Teleskop, Tayland).

2014-A donemi gozlem yapilmis.
2014-B donemi (Kasim 2014-Nisan 2015) gozlem projesi kabul edildi.

« OPTICON (Optical Infr. Coordination Network for Astronomy)
(6 saat)

Parlak cisimler icin (yilda 3 donem)
TUG-T100 Teleskopu

2014-B donemi (3 gece gozlem yapild)
2014-C donemi (3 gece gozlem yapild)
2015-A donemi 7 gecelik gozlem zamani

Ayrica )
&dlyaman Universitesi Gozlemevi 60 cm’lik Teleskop (ilerdeki zamanlarda)/

2015-A donemi (Subat 2015- Temmuz 2015) i¢in 2 m Robotik Liverpool Tel.
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Secilmis Bazi Orten Yakin Cift Yildiz Sistemlerinde Gezegen Arastiriimasi

{ Proje ekibi ve sonuclar W
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(O-C) diyagramlarindaki degisimlerin (LTT etkisinden meydana gelen)
incelenmesi 1¢in bilgisayar yazilimi hazir durumdadir.

Bu calismalar kapsaminda daha onceden yapmis oldugumuz ¢calismalar
Gozdziewski ve ark, 2012. MNRAS, 425, 930.
Gozdziewski ve ark 2014. MNRAS, 2014arXiv1412.5899G

Nasiroglu ve ark 2010. 2010htra.confE..48N

\SIowikowska ve ark, 2013. 2013ASPC..469..363S /
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ABSTRACT

We study the mid-egress eclipse timing data gathered for the cataclysmic binary HU Agquarii
during the years 1993=2014. The (0-C) residuals were previously attributed to a single ~ 7
Jupiter mass companion in ~ 5 au orbit or to a stable 2-planet system with an unconstrained
outermost orbit. We present 22 new observations gathered between June, 2011 and July, 2014
with four instruments around the world. They reveal a systematic deviation of ~ 60-120 sec-
onds from the older ephemeris. We re-analyse the whole set of the timing data available.
Our results provide an erratum to the previous HU Agr planetary models. indicating that the
hypothesis for a third and fourth body in this system is uncertain. The dynamical stability
criterion and a particular geometry of orbits rule out coplanar 2-planet configurations. A pus-
tative HU Aqr planetary system may be more complex, e.g., highly non-coplanar. Indeed, we
found examples of 3-planet configurations with the middle planet in a retrograde orbit. which
are stable for at least 1 Gyr, and consistent with the observations. The (0-C) may be also
driven by oscillations of the gravitational quadrupole moment of the secondary, as predicted
by the Lanza et al. modification of the Applegate mechanism. Further systematic, long=term
monitoring of HU Agr is required to interpret the (0=C) residuals.

Key words: extrasolar planets=—Romer effect==cataclysmic variables=star: HU Agr
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ABSTRACT

In this work, we investigate the eclipse timing of the polar binary HU Aquarii that has been ob-
served for almost two decades. Recently. Qian et al. attributed large (0-C) deviations between
the eclipse ephemeris and observations to a compact system of two massive jovian compan-
ions. We improve the Keplerian, kinematic model of the Light Travel Time (LTT) effect and
re-analyse the whole currently available data set. We add almost 60 new, yet unpublished,
maostly precision light curves obtained using the time high-resolution photo-polarimeter OP-
TIMA, as well as photometric chservations performed at the MONET/N, PIRATE and TCS
telescopes. We determine new mid-egress times with a mean uncertainty at the level of | sec-
ond or better We claim that because the observations that cumrently exist in the literature are
non-homogensous with respect to spectral windows (ultraviolet, X -ray, visual, polarime tric
mode) and the reported mid—egress measure menis errors, they may introdoce sysiematics that
affect orbital fits. Indead, we find that the published data, when taken literally, cannot be
explained by any unique solution. Many qualitatively different and best-fit 2-planet config-
urations, including self-consisient, Newtonian N-body solutions may be able to explain the
data. However, using high resolution, precision OPTIMA light curves, we find that the (O-C)
deviations are best explained by the presence of a single circumbinary companion orbiting at
a distance of ~ 4.5 AU with a small eccentricity and having ~~7 Jupiter-masses. This object
could be the next circumbinary planet detected from the ground, similar to the announced
companions around close binaries HW Vir. NN Ser, UZ For, DP Leo or 52 Her. and planets

of this type around Kepler- 16, Replker- PET-35.
Key words: extrasolar planets—LTT technique—MN-hody problem—polar—star: HU Agqr
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The orbital ephemeris of HU Aquarii observed with
OPTIMA. Are there two giant planets in orbit?

Ilham Nasiroglu®
Max Planck Institute for Extrarerrestrial Physics, Giessenbachstrasse 1, 85741 Garching,
rermany

Department of Physics, University of Cukurova, 01330 Adana, Turkey
E-mail: ilhamnasiroglu@yahoo.com

Agnieszka Stowikowska

Institute of Astronomy, University of Zielona Géra, Lubuska 2, 65-265 Zielona Gdra, Poland
E-mail: aga@astro.ia.uz.zgora.pl

Gottfried Kanbach
Max Planck Institute for Extraterrestrial Physics, Giessenbachstrasse 1, 85741 Garching,
Germany

E-mail: gok@mpe .mpg.de

HU Agr is an eclipsing CV system hosting a highly magnetic white dwarf orbited by a M4V
dwarf with a period of about 125 min. Its orbital ephemeris has been followed with precision
since 1993, Regular OPTIMA observations of eclipses of HU Agr since 1999 can be used to
follow the secular changes of the binary orbit. We report new modeling of the orbital ephemeris
including recent 2008/2008 observations and find that a model including a linear and guadratic
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Abstract. We focus on short—period eclipsing binaries that belong to a class of Cat-
aclysmic Vanables (CVs). They are known as polars and intermediate polars, closely
resembling their prototype AM Herculis. These binaries consist of a red dwarf and a
strongly magnetic white dwarf, having orbital penods of only a few hours. Monitoring
echipses of these typically faint sources demands high-time resolution photometry. We
describe the very recent results obtamned for two CV's, HU Agr and D) Her, which were
observed with the Optical Pulsar Timing Analyzer (OPTIMA). The new observations of
HU Agr confirm that the O-C (Observed minus Calculated) diagrams exhibit vanations
known for this binary which can be explained by a single, massive Jupiter—like planet,
possibly accompanied by a very distant companion.



