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Workshop on Observational Techniques



Evolutionary Stages of Low Mass stars

● Hydrogen exhaustion
● Entering red giant phase
● Helium flash.
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Evolution of low mass stars
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➔ Fontaine et al. 2012 observed mass 
distribution of sdBs is 0.47M⊙
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Subdwarf B star and the Formation Channels

● Core helium burning  stars with extremely thin hydrogen envelopes ( < 0 .02 M⊙).
● Masses around 0 . 5 M⊙ (Heber 1986; Saffer et al. 1994).
● About half of the sdB stars reside in close binaries with periods ranging from ∼ 0.1 d to ∼ 30 d (Maxted et al. 2001; 

Napiwotzki et al, 2004a).
● Based on an interpretation of their evolutionary state, sdB stars are also sometimes referred to as extreme horizontal 

branch stars. 
● The common envelope (CE) ejection channel, the stable Roche lobe overflow (RLOF) channel and the double helium 

white dwarfs (WDs) merger channel.
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Why are they important?

● Pulsating sdB stars (Kilkenny et al. 1999) -Standard candle for distance determinations.
● Constrain the ages of the oldest galaxies.
● sdB stars are exotic objects because of their thin hydrogen-rich envelopes.
● Improve our understanding of the theory of stellar and binary evolution.
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HW Virginis systems

● eclipsing binaries consisting of sdB and cool, low mass stellar or substellar 
companion

● 20 HW Vir systems published
● very short period ∼ 1.5-6 h (separation ∼ 1 R⊙)
● post common envelope system
● only sdB visible in spectrum
● huge reflection effect
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Aim of the project

● Study the lightcurve of the HW Vir systems and determine the parameters of 
the binary.

● Minimum companion masses of hot subdwarfs with cool companions.
● better understanding of the CE phase and the reflection effect
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Target catalogue 

ATLAS(1) ZTF(2)

GAIA(3) 15



1.Crossmatching 

2. subset with RA & DEC

(31 August -21march )/365 *24h=10h 39 min

10h 39 min + 12 h = 22h 35 min

And night period is 12h 

16h 35 min < a < 28h 35 min

observable -> ( ra_1 > 249 || ra_1 < 68 )

DEC > -11
 Max presentation 
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 ZTF lightcurve 
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Pc: AC



Observation 
Gaia DR2 
Source ID

C10

1877320760449993216

Mag 14.169

Exposure 
time 

1 min

Period (h) 2.654
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Gaia DR 2 
Source ID

C13

1943858286426802304

Mag 16.432

Exposure 
time

2min 

Period (h) 1.945
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Gaia DR2 
Source ID 

C11

2003241230122936064

Mag 14.979544

Exposure 
time 

2_1min 

Period (h) 5.661
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Data Reduction using IRAF
● Dark Frame

● Flat Frame

● Science Frame

● Display all the images in DS9
● Display the fits image header using imhead or hselect task to check for 

the exposure time for all the images.
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Dark Frame

● Dark currents 

● Long exposure images 
with the CCD shutter 
closed.

● Zerocombine task in 
ccdred package

● Use median value to 
combine the frames

● Master dark frame is 
created
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Flat Frame

● Vignetting and variation of 
pixel response in CCDs

● Uniformly illuminated frame by 
a flat field panel or the twilight 
sky using the same filter as 
the science frame.

● Master flat frame is created 
similar to the dark frames by 
combining and normalising 
the flux 
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● The task CCDPROC in the CCDRED package in IRAF was used to apply these corrections to the 
science frames. 

● Image alignment using iraf and python script

            Before correction                                                                  After correction
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Locating the stars in the frame

● Parameters for finding the stars

○ SKY value - initial guess for the background

○ FWHM - Full Width at Half Maximum 

● Used DAOFIND task

○ DATAPARS - median of FWHM and sqrt(median of sky value) as sigma

○ FINDPARS - Adjust the threshold

○ .coo.1 files were created

● TVMARK 
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Photometry

● PHOT task

○ Coordinate list of the stars

○ CENTERPARS - centroid algorithm

○  FITSKYPARS 

■ Annulus, dannulus, sky value

○ PHOTPARS - aperture radius

■ 2.5 * FWHM

○ .mag.1 files are created
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Working with the .mag.1 files

● Text dumped the data from .mag.1 file 
○ ID, XCENTER, YCENTER, MAG, MERR, FLUX - mag files

● Identify the target star and companion stars using TVMARK 

● ! awk '{if ($1==222) print;}' V_mags > V_star
● Plot the magnitudes of the comparison stars to see if they are variable or not.

● Calculate the mean magnitude of target star and the companion stars

● Subtracted the mean magnitudes

● Taking the average of the comparison stars

● Subtract the comparison star from the target star 
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● Update the header of the fits file with EPOCH, RA, DEC using hedit 

● The SETJD task would calculate the time in heliocentric julian dates.

● Final step is to combine the time and the difference magnitude to a file.

● Plot the light curve
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Calculating the time for the light curve



C10
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C13
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C11
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Lightcurve analysis with lcurve1

● To derive the physical parameters from our 

lightcurve we need to generate a light curve.

● This can be done as follows:

○ Generate grids covering all objects (stars, dics, 

etc.)

○ Set their surface brightness, including all 

effects

○ At every phase compute what can and can’t be 

seen

1 Copperwheat et al. 2012 40



Lightcurve analysis with lcurve

● lroche generates modelled lightcurve of a white dwarf 

or a subdwarf/main-sequence binary. 

○ The modul does this by computing a lightcurve 

equivalent to a model of a sphere and a 

Roche-distorted star

○ Find which models are consistent with the data

● Different methods:

○ Levenberg-Marquardt method

○ Simplex method
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Fundamental parameters

● Lightcurve 

○ Orbital period (P)

○ Mass ratio (q)

○ Inclination (i)

○ Effective temperature (T2)

○ Relative radius (r1/a)

○ Relative radius (r2/a)

○ Limb darkening2

● Spectrum

○ Radial velocity curve K1

○ Effective temperature (T1)

○ Log g1

○ Orbital separation (a)

● Our project

○ Radii of both stars (R1 and R2)

○ Mass of secondary component (M2)

2 Claret and Bloemen 2012 42



Calculation of fundamental parameters

Orbital separation

43

Radii

Masses

M1 = 0.47 M
☉



Parameters in lroche

● Orbital period (P)

● Mass ratio (q)

● Inclination (i)

● Effective temperature (T1)

● Effective temperature (T2)*

● Wavelength 

● Relative radius (r1/a)

● Relative radius (r2/a)

● Limb darkening

● Absorb

● Slope
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C10
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Physical parameters of C10

q 0.159 ± 0.012

I (°) 80.780 ± 0.167

R1 (R☉
) 0.198 ± 0.018

R2 (R☉
) 0.094 ± 0.008

M2 (M☉
) 0.074 ± 0.006

T2 (K) 2391.856 ± 99252

Absorb 0.927 ± 0.267

K1 (km/s) 49.1 ± 3.1

T1 (K) 28400 ± 500

Log g 5.39 ± 0.011

P (hours) 2.654

46
Gaia DR2 1877320760449993216



C11
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Physical parameters of C11

q 1.129 ± 0.077

I (°) 83.565 ± 0.274

R1 (R☉
) 0.18 ± 0.087

R2 (R☉
) 0.45 ± 0.024

M2 (M☉
) 0.531 ± 0.036

T2 (K) 2984.04 ± 9809

Absorb 0.771 ± 0.05

K1 (km/s) 182 ± 8

T1 (K) 37500 ± 500

Log g 5.5 ± 0.05

P (hours) 5.661

48Gaia DR2 1943858286426802304



C13
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Physical parameters of C13

q 0.176 ± 0.016

I (°) 83.292 ± 0.984

R1 (R☉
) 0.198 ± 0.022

R2 (R☉
) 0.094 ± 0.011

M2 (M☉
) 0.083 ± 0.008

T2 (K) 2901.67

Absorb 1.885 ± 0.643

Slope -0.035

K1 (km/s) 60 ± 5

T1 (K) 30000 ± 500

Log g 5.55 ± 0.05

P (hours) 1.945

Limb darkening 0.259

50Gaia DR2 2003241230122936064



Mass-radius relation of the companion
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Discussion: C10

M1 (M☉
) 0.47

R1 (R☉
) 0.198 ± 0.018

T1 (K) 28400 ± 500

M2 (M☉
) 0.074 ± 0.006

R2 (R☉
) 0.094 ± 0.008

T2 (K) 2391.856 ± 99252
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Primary: Hot subdwarf

Companion: Brown dwarf

Gaia DR2 1877320760449993216
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Model of the system



Discussion: C11

M1 (M☉
) 0.47

R1 (R☉
) 0.18 ± 0.087

T1 (K) 37500 ± 500

M2 (M☉
) 0.531 ± 0.024

R2 (R☉
) 0.45 ± 0.024

T2 (K) 2984.04 ± 9809
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Primary: Hot subdwarf

Companion: M-dwarf

Gaia DR2 1943858286426802304



Model of the system
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Discussion: C13

M1 (M☉
) 0.47

R1 (R☉
) 0.198 ± 0.022

T1 (K) 30000 ± 500

M2 (M☉
) 0.083 ± 0.008

R2 (R☉
) 0.094 ± 0.011

T2 (K) 2901.67
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Primary: Hot subdwarf

Companion: M-dwarf

Gaia DR2 2003241230122936064



Model of the system

57



Conclusion

● Three HW Vir targets were observed for two nights

● We found that our observed targets consisted as follows:

○ Hot subdwarf + Brown dwarf

○ Hot subdwarf + M dwarf

○ Hot subdwarf + M dwarf
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[1] https://www.ztf.caltech.edu/ztf-news.htmlc

[2] https://atlas.fallingstar.com/home.php

[3] https://www.dw.com/en/debut-data-from-europes-gaia-mission-shows-milky-way-bigger-than-we-thought/a-19550212

[4] https://fanart.tv/series/76172/top-cat/
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