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Introduction

Back  in  2020,  the  eclipsing  binary  system  ZTF  J2243+5242  was  discovered  using  a  5-meter

telescope at Palomar Observatory (California) [1]. This pair of orbiting white dwarfs rapidly became

an object  of  great  interest  because of  two reasons.  First,  the binary system is  one of  the few

detected with an orbital period of less than 10 minutes. And second, this binary not only emits light;

it is also a gravitational-wave source and will be detectable by the space-based gravitational-wave

detector Laser Space Interferometer Antenna (LISA) because its gravitational-wave frequency falls

near the peak of LISA's sensitivity [6].

In 2022, the  10-meter telescope GTC (the most powerful on earth), pointed at ZTF J2243+5242

and took extremely high-precision data of its brightness throughout a whole night. This binary is

eclipsing and therefore the light we receive from the system drops down periodically every time one

of the two stars passes in front of the other (an eclipse). The plot of the light intensity (flux) of an

object as a function of time is called a light curve. In Figure 1 we can see the light curve of this

binary  system  produced  with  the  GTC

data. 

Light  curves  are  very  useful  in

Astrophysics and by analyzing them using

different  computational  methods  we  can

study binary systems and the stars  that

form them [1, 2].

Hypothesis

My hypothesis was the one that follows. If  ZTF J2243+5242 is such a strong gravitational-wave

source and it is going to be the first target of LISA, I considered it would be of great help to deeply

study this binary system using the light curve data we have from it,  in order to predict  the first

measurements LISA will  make of  this  system. By doing so,  we would already know what LISA

should measure and therefore we could use this as a calibration tool for this new gravitational-wave

detector. If the results obtained using gravitational waves are the same as the ones obtained using

light curves, this will mean the detector is working accurately. If not, we will correct the errors in LISA

so that it obtains the right results and therefore is calibrated accurately.

Objectives

The objective of my research was to deeply study the binary system ZTF J2243+5242 using modern

computational tools in order to obtain information on the stars that form this binary. We were hoping

to calculate the mass, radii, orbital period, and other physical parameters of the binary from its light
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curve data. These results would be the ones useful for the calibration team of LISA in the future.

Methodology

In order to calculate the physical parameters of the stars in the binary system ZTF J2243+5242 I

used a method called Light Curve Modeling [7]. This is a computational-mathematical technique

used  to  estimate  the  value  of  physical  parameters  of  eclipsing  binaries  from  their  brightness

variations. Scientists have developed several python-code packages that simulate the behavior of

light eclipses in binary systems according to the physical and mathematical models we have of

them. The one used in my study is called Ellc [2, 3, 5] and calculates the light curve that a binary

system would produce given a number of parameter values. It has allowed me to plot the light curve

generated using certain parameter values over the raw flux data from GTC to see how good the fit

of the model was and therefore how close I was to find the right physical parameter values of the

binary system. In order to calculate with high-precision the exact value of each physical parameter I

wrote a python code implementing a Markov chain Monte Carlo (MCMC) [4]. This method allowed

me  to  approximate  the  posterior  distribution  of  several  parameters  by  random  sampling  in  a

probabilistic space. I gave my code the GTC data and gave it a range of possible values for each

parameter and then let it  run on a powerful computer. This method searched for the most likely

combination of parameter values that produced a light curve that fit the data from GTC. This gave

me the exact value with high accuracy of each parameter of the binary system GTC J2243+5242. In

figure  2  I  show  the  light  curve

model  produced  using  the

parameter  estimates  of  my  study

compared to  the raw data  of  the

GTC telescope.

Results and Conclusion

Using the code I wrote implementing an MCMC method over the data taken by a powerful telescope

I have been able to provide high-accuracy physical parameter information of ZTF J2243+5242. The

results obtained from my research are shown in Table 1. I report the mass of the two stars (Ma and

Mb),  the  inclination  of  the  system  with  respect  to

Earth (i), the semi-major axis of its orbit (a), its orbital

period (Pb), and a time until merger of 390 000 years

based  on  the  period  derivative  (Pb  and  T0).  My

hypothesis  is  confirmed;  we  have  been  able  to

calculate physical parameters of the binary system

usig  its  light  curve.  Furthermore,  ZTF J2243+5242

will be a strong LISA gravitational-wave source and

the physical parameter estimates calculated in this

study will be of great relevance for the calibration task of this new gravitational wave detector. 
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