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Targets: sdB type stars

Mass ~ 0.47  

Radius ~ 0.1 - 0.3 

Effective temperature ~  20 – 100 kK
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Targets: sdB type stars

Mass ~ 0.47  

Radius ~ 0.1 - 0.3 

Effective temperature ~ 20 – 100 kK
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Helium burning without helium flash

Fontaine, 2012



Formation of sdB binaries

● Determined by mass ratio  
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CE = Common envelope

Podsiadlowski, 2008

RLOF = Roche lobe overflow

S. Ohlmann, 2016

http://www.youtube.com/watch?v=4iw_E2akn4M


Lightcurve of eclipsing binary 

● Primary eclipse: Strong 
decrease in brightness of 
sdB due to companion

● Secondary eclipse: sdB 
moves behind the 
companion, weaker than 
primary eclipse
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sdB

Companion 

Sana, 2025



Limb darkening
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● Luminosity of the stellar disk 
decreases from the centre to the limb

● Transit depth is not constant
● Linear law

● Limb darkening factor e is temperature 
dependent => other model used 

Brown, 2001

https://en.wikipedia.org/wiki/Limb_darkening



Reflection effect
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D. Bartková, 2021



Eclipsing binary with reflection effect - HW Vir

● Determine inclination and radii from 
lightcurve

● Estimate companion mass by assuming 
main sequence star:

9Lee, 2009



Minimal Companion Mass

● Determine K from mass function:
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Schaffenroth, 2019



Known HW Vir systems

11

Schaffenroth, 2019



Target selection
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Target selection

14



Target selection

Constraints: 

● Brighter than 18.5 mag
● Visible: dec > -11°, 

ra >255° or <75°

● Variability index  VG over 
0.03

15

D50 
M. Nekola+, 2014

2m telescope



Target selection - No HW Vir

Lightcurve with reflection 
effect, without eclipses:
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Lightcurve of cataclysmic 
variable:



Target selection - HW Vir

Eclipsing reflection effect systems:
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Final Targets
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Target Magnitude Period in 
hours

1 17.37 2.14

2 17.05 7.47

3 17.61 3.81

4 17.42 5.04



Data reduction - Flats and Darks

Each exposure time needs its own master dark, here 120s

Each filter needs its own master flat, here R filter
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Data reduction - Photometry 
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Data reduction - Aperture, Annulus & Dannulus 

● Aperture: where flux of star will be measured
● Annulus: distance at which to start counting bg
● Dannulus: width of ring to count bg 
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insert in list of photometry files 

Aperture

Annulus

Dannulus



Data reduction - Comparison stars 
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Data reduction - Comparison stars 
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Data reduction - Building a light curve 
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LCurve

Simulates effects: limb darkening, 
reflection, beaming, geometry.
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Fitting- Starting the Fit
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Flux-Magnitude Relation



Model Setup
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S. Müller, 2009



                            Running Fits- Initial Fit
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                        Running Fits- After Simplex
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                          Slight Change in inclination
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                                Slight change in t0
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                                Slight change in r2
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Corner Plots and Degeneracies
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Results
Target 3 - Gaia DR3 2010408220561381632
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Primary Eclipse

Mag - 17.61
Period - 0.159 d
Inclination - 75.3°
Companion Mass - 0.18 M

⊙
Companion Radius - 0.3 R

⊙
K value - 76.8 km/s

R - Filter 

https://docs.google.com/file/d/1ArgONppxWngTAOd02a94QqZCPKrUn7ga/preview


Results 
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Target 1- Gaia DR3 2209063896962507520R - Filter

Primary Eclipse Secondary Eclipse

Mag - 17.37
Period - 0.089 d
Inclination - 70.4°
Companion Mass - 0.08 M

⊙
Companion Radius - 0.17 R

⊙
K value - 53.32 km/s

https://docs.google.com/file/d/1rBVSzfsAlKTfSmN890W98u8lFGIF-6xj/preview


Results
I - Filter
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G -Filter

Target 1

- Change in Phase 
- long phase range
- K value - 52.5 km/s

- Short phase range
- less data points
- K value - 49.07 km/s



Results
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Target 2 - Gaia DR3 2202073408192045056

R - Filter

Mag -17.05
Period - 0.31 d
Inclination - 76.7°
Companion Mass - 0.32 M

⊙
K value - 113.3 km/s

https://docs.google.com/file/d/1ITcFefXa-vnX5WapWfxwDpBB-jA8sshH/preview


Mass-Radius relation

Assumptions for subdwarf:

Mass - 0.47 M
⊙

Radius - 0.167 M
⊙
 

Temp - 33,000K

Formula:
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obtained ‘K’ value



Results
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High K value - 
main sequence star

Low K value -  
brown dwarf



Results
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Target 2

Target 3

Target 1



Conclusion

● Target 1 - Close Binary System 

   Strong Reflection Effect.

● Target 2 & 3 showed clear primary eclipse.

● Target 2 has a high mass companion.

● Stellar companion and 

Brown dwarf companion was found.

D50 telescope



Outtakes :)

Looks like the flat (and dark possibly) correction did not work 45
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Thank you for your 
attention!

https://docs.google.com/file/d/1ArgONppxWngTAOd02a94QqZCPKrUn7ga/preview
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