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•S-Type  the planet moves around one of the two stars 
•P-Type the planet moves around the entire binary- circum-binary planets  
     (Muterspough et al. 2007)  
Simulations show either of above possibilities has a large range of stable configurations 
(see e.g., Broucke 2001; Pilat-Lohinger &  Dvorak 2002; Pilat-Lohinger et al. 2003; Benest 
2003 Moriwaki & Nakagawa 2004; Quintana & Lissauer 2006; Pierens & Nelson 2008). 
 

HOW we detect 
circubinary planets?  

FAR FROM EASY 

PROJECT DWARF 
Initiated and organized  by Dr. Th. Pribulla,  Astronomical Institute 

Slovak Academy of Sciences 

22-7-2013   727 planetary systems / 942 planets / 146 multiple planet systems  



Three principal Techniques 
1. Precise radial velocity  measuremets to detect the wobble of the binary 

mass center (Konacki et al. 2009) 
 
 
 
 
 
 
 
 
 
 

 
 2. Photometric detection of transits of the planets (s) across the disk of the 

components of the inner binary 
     (Doyle et al. 2011) 
   

RV precision insufficient… 
There are hardly any binaries where the systemic-velocity changes 
revealed a third component (unseen in spectra). 

Very long photometric runs  with 
excellent accuracy 
3 systems    
Kepler-16b (Doyle et al., 2011),  
Kepler-34b and Kepler-35b (Welsh et al. 
2012). 
3. Timing of the inner binary eclipses   (Lee et al. 2009) 




2. Previous and ongoing searches of 
circumbinary exoplanets by timing  

technique 

 
 

Pulse arrival time (PSR1257+12,Wolszczan & Frail, 1992).  
Timing of the eclipses in binary stars LITE   
• (Pribulla & Rucinski, 2006; Beuermann et al. 2011) 

Existence of low mass planetary binaries  
• CM Dra (Deeg et al. 2008; Ofir 2008) 
• HW Vir (a short-period EB system composed of an sdB and an M dwarf) 

with two-planets (Lee et al. 2009, Horner et al. 2012) 

Around post common envelope systems (WD+MS latetype 
dwarf)  
• V471 Tau possible presence of a brown-dwarf companion (see Kundra & 

Hric, 2011) 
• NN SE(Beuermann et al. 2010), UZ For (Potter et al. 2011),DP Leo  

(Qian et al. 2010),RR Cae (Qian et al. 2012). 

The only larger iniative….SOLARIS global network of four 
50cm robotic telescopes (Australia, Africa and South America) (Konacki et 
al. 2011). 

By March  23 2012 11 planetary systems (16 planets/4 multiple systems) 
detected by timing 



The Archival DATA  play important role (…long periods) 
 

Krakow database prepared and frequently updated by Prof. Kreiner 
(http://www.as.up.krakow.pl/ephem/) 

Advantages 
it is complementary to the competing project SOLARIS covering the 
Southern hemisphere 
it uses only existing facilities 
unlike other projects it would cover relatively extensive list of targets 
increasing chance of new detection(s) 
it is a unique collaboration of many observatories  
 



3. Target Selection 
 objects with sharp and deep minima 

(i) systems with K or/and M dwarf components 
(ii) systems with hot subdwarf (sdB or sdO) and K or M dwarf 
components  
iii) post-common envelope systems with a white dwarf (WD) 
component 
 
 
 
 
 
 
 
 
 

NSVS data (Hoffman et al., 2008),  
HAT network data (Hartman et al., 2011) and  
ASAS data (see Pojmanski, 2002; Pojmanski  2003, Pojmanski & 
Maciejewski, 2004ab;Pojmanski et al., 2005) 
 
 

Maximum amount of information but also neglected systems. 
Follow up observations…  

Objects North of DEC = −10◦ with P<5 d , R = 10-17mag 



Preliminary target list 



What are the chances to discover a 
circumbinary substellar body? 

i) precision and number of the minima which can be achieved 
ii)  semi-amplitude of the LITE caused by the body 
iii)  intrinsic variability of the binary causing noise in minima 

timings.  
 precision of a single minimum timing, Δt 
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LITE amplitude 
Max – Min or peak-to-peak changes 

in the case of a Jupiter-mass 
planet orbiting the EB in 10 years 

The suitability of an object (Nσ in Table 1) can be defined as the peak-to peak amplitude 
of LITE caused by such a body ΔT , divided by the theoretical precision of a single 
minimum timing, Δt 



Intrinsic variability  of the binary star 

SPOTS  on the active late type K/M dwarf  
 L C asymmetries - O’Connell effect 

Maximum time shift  Δt by a single starspot 
 24 OCEA Dt

dP
∆ =

What to do ? 

cover parts of the LC just before ingress and just after the 
egress from the minimum, examine period before 



DATA reduction process 
 CCD frames reduction 

 Reduction of Raw CCD frames, dark, flat-field frames, 
 aperture photometry…  
 Resulting LC available on the DWARF page  
Reference time for the data 

crucial to regularly synchronize the computer clock with the 
ntp servers to provide the system time within 1 second off 
the UTC…?... Barycentric Dynamical Time (TDB) 
What about HJD (Heliocentric Julian Date) correction? 

  It is best to relate time to the Solar System Barycenter. 
Hence we will use Barycentric Julian Dates in Barycentric Dynamical 
Time (BJD-TDB) 
Minima determination and uncertainties  
    Kwee & van Woerden (1956) method  
     Fitting function F(x) = A + Bx + CT (x − D) (Pribulla et al. 2008) 
    Monte Carlo simulations  

 



The timing analysis and its limitations 
(O-C) curve (due only to the inner binary) can be described by a linear (constant 
period) or quadratic ephemeris (linear period variation) and if a third body is 
orbiting the inner binary adding the LITE effect, the times of the minima 
can be computed as follows (Irwin 1959) 

 α is the semi-major axis of the third (substellar) companion’s orbit around the 
binary’s mass center, then  
 
Determination of orbital elements…… 
Derive the mass function of the third body 



Eclipsing binary with confirmed 
planets 

HW Vir ( sdB and an M dwarf) 
Porb= 2.8h 

 

• HW Vir, and the residuals of the eclipse 
timings measured since the early 1980s 
with respect to the linear terms of the 
Ibanoglu et al. (2004) ephemeris:  

• (a) the parabolic curve corresponds to a 
linear period decrease, which might 
arise from magnetic stellar wind 
breaking; 

•  (b) residuals from the quadratic form; 
• (c) residuals after including the effect of 

the 15.8 yr planet;  
• (d) residuals with respect to the two-

planet model. From Lee et al. (2009) 
Stable configuration?  
Horner &  Hinse 2012 

 
To further characterize the HW Vir system and constrain orbital parameters we 
recommend further observations within a monitoring program as described in Pribulla et 
al. (2012). 
 



Observing network and observations 
35-120 cm telescopes with CCD cameras 
Targets DEC>-10o 

R or I filter for M or K EBs and V for sdB or WD components 
Short period cover both shoulders to see the LC asymmetry  
For most binaries  with M  and K dwarf component both minima 
WD component only primary  

 
In addition… 

“Extensive” multi-color UBVRI photometry 
Best comparison stars 
Color brightness variations 
 

Medium to High resolution spectroscopy at the 2m  telescope at 
Rozhen 





Observing network and observations 





Dropped objects 
14. September 2012 | Leave a comment  
Two objects were dropped from observational list: 
 
OT Lyr shows just some ellipsoidal variations 
V924 Oph does not show any minima. Possibly the  
 
identification of the variable is not correct 

http://astronomy.science.upjs.sk/projectdwarf/2012/09/14/dropped-objects/�
http://astronomy.science.upjs.sk/projectdwarf/2012/09/14/dropped-objects/�


Conclusion 
Additional useful science 

•the study of spot cycles in the RS CVn-like late-type binaries, detection of flares   
(see Pribulla et al., 2001) 

•A more accurate characterization of recently discovered detached eclipsing binaries 
•detection of new low-mass EBs which is crucial to better define the empirical 
lower main sequence 

•determination of absolute parameters of the components (in the case that 
spectroscopic orbits are available) 

•detection of EBs with pulsating component(s) 
•detection and characterization of multiple systems with two systems of eclipses 

•detection of new variable stars in the CCD fields covered 
•Photometric detection of transits of substellar components across the disks of the 
components of the eclipsing pair (see Doyle et al., 2011) 

•detection of invisible massive components causing precession of the EB orbit 
and changes of the minima depth (see Mayer et al., 2004). 

 



Last but not least… 
Aristarchos observations July-August 2013 
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