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Abstract

The main goal of this work is to put a simple model of the spectral energy
distribution of binary stars called WW Cha. This model is built up on the extracted
data from various telescopes and archives for the target WW Cha stars and then
analyzing them using a python environment. The result of the fitting proposes that
there are two protoplanetary disks around the WW Cha star, with different physical
properties for each disk, such as the size of the inner disk being 10 AU, while the size
of the outer disk being 300 AU. The shape of the outer disk is a flaring disk not a flat
disk according to the value of the power law for the surface density (1.5). The
emission in the disk is caused by small amorphous olivine grains ranging in size from
0.1 to 3000 micrometers.

Keywords: Photometry, Binary Stars, Spectral Energy Distribution (SED),
Protoplanetary disk, Star, WW Cha.
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Introduction

This study came to examine WW Cha (which is known as T44) located in the Chamaeleon
cloud complex, and it isa T Tauri star. It is located in the southern sky with coordinates of right
ascension 11" 10™ 00.1° and declination -76° 34’ 57.9638" (J2000.0)[1].

There are several studies conducted in Irag, especially at the Astronomy and Space
Department, College of Science, University of Baghdad. These studies were focused on the
photometry and spectral field; the most important ones were (Adnan and Ahmed 2018), (Y.
Rashed, J. Zuther, A. Eckart et al. 2013), (A. Ahmed, G. Ali, and M. Amin 2014) [2, 3, 4].
Another study by (Al-bagir, Ahmed, and Gamal 2019) examined the photometric properties of
two types of galaxies (spiral and elliptical galaxies) using surface photometric techniques with
griz-filters, the same technique studied NGC 3 lenticular galaxy[5]. On the other hand, (Taha
et al. 2018) and (Taha et al. 2021) [6,7], investigated the properties of the protoplanetary disk
around one of the Herbig stars, HD 179218, and presented mid-infrared imaging observations
of the debris disk around one of the main sequence stars, Epsilon Eridani, in the Q-band at (20.5
pm) and (17.6 pm).

Beside these studies, a numerical simulation was carried out to investigate the possibility of
observing an extrasolar planet nearby star via optical telescopes by (Jallod and Mohammed
2013, A. Talib, A. D'Onofrio, and F. Terrasi 2017) [8,9].

In 1992, Gauvin classified WW Cha as a spectral type K5 for the first time after using the
observations data from the IRAS (The Infrared Astronomical Satellite) space telescope at three
filters: 12pum, 25um, 60um, and 100um [1].

The temperature of the star’s surface is 4350k, and the star is at a distance of 190 pc from
the Earth[10]. The luminosity of the star is 11Le, and the mass of the star is 1M [11].

The object WW Cha was observed by using ATCA (Australia Telescope Compact Array) at
wavelengths 3, 7, and 17 millimeters. Observations showed that there is a thermal emission
from millimeters size of the grains to centimeters which indicates that this emission comes from
the protoplanetary disk [12]. The data of the observations from Herschel at wavelengths WISE
(Wide-field Infrared Survey Explorer) 12 um - PACS(PACS (Photoconductor Array Camera
and Spectrometer) 70 um showed that WW Cha is an embedded object and for this reason
probably could not detect a transitional disk [13]. The previous observations supposed that
WW Cha is a single star until 2015 when the new observations discovered that WW Cha has a
very close companion at 1 A.U [14]. The age of the star was estimated to be 0.4Myr, the
extinction was extracted as Aj = 1.35 [14].

Recently, interferometry techniques were used by Very Large Telescope Interferometer
(VLTI) with a different instrument in near- infrared to study WW Cha stars. The orbital
elements and total mass were extracted as follows: semi-major axis a=1.01 au, high eccentricity
e=0.45, inclination i= 37.7°, and the longitude of node Q =37.7. The time period of the second
star around the primary stars has been calculated to be T=206.55 days [15] .

The observation of the WW Cha by using ALMA (Atacama Large Millimeter/Sub-
millimeter Array) at 6 bands showed an asymmetric structure for the disk, no gap between the
rings in the disk, and there were two peaks of emission at 40 and 70 AU [16].

The Spectral Energy Distribution (SED) represents the relation between the flux density
observed from young stellar objects and the wavelength. One of the most important and easy
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ways to study young stellar objects is by SED. Therefore, the SED is used to classify young
stellar objects for different types according to the shape of the SED [17]. Spectral energy
distribution fitting is very important in the study of protoplanetary disk around single stars and
binary stars.

The aim of this paper is to extract the physical properties of the two protoplanetary disks
around WW Cha stars such as temperature, density, size, scale height, and chemical
compositions of the disks using SED fitting.
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Figure 1: The flux density of the binary in the unit (W/m?) as a function of wavelength
(micrometer), for the binary stars WW Cha from different telescopes.

Data and Reduction

The SED observations for our target WW Cha have been extracted from numerous
telescopes; space and ground-based telescopes. All the data can be found in the Vizier data
archive (https://vizier.u-strasbg.fr/viz-bin/VizieR). We have built a code in Python to plot the
flux density of the target with wavelength, as shown in Figure (1).

There are some exaggeration points (out of the shape of the SED) in the observational data
of the SED, as shown in Figure (1). Therefore, we have discarded them from the data to get a
better plot for the observational SED. These discarded points do not affect the shape of the
SED, as shown in Figure (2).
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Figure 2: The result of the re-plot of Figure (1) with less number of points.

Modeling of Flux and Temperature Gradient
All of the flux coming from the star and the disk at the different regions on the disk can be
expressed mathematically as black body radiations; as given by [17]:

2hc? 1
BiAT) = B —o— e (1)

A5
e)lkT* -1

Where c is the speed of light, h Planck constant = 6.6261*103* m? Kg/s, k =1.3806*1023 m?
Kog/s k,
A is the wavelength, T=is the temperature of the star.

The star is surrounded by dust and gas materials from all directions; therefore, the starlight

will be affected by absorbing and scattering before it reaches the Earth. The extinction A; is
related to the apparent magnitude of the observed object, as represented by [17]:

d
my = M; + 5 log (Tpc) + 4, e 2)

Where m,, is the apparent magnitude of the object. M, is the absolute magnitude as a distance
of 10 pc. d is the distance of the star in parsecond. A; is the extinction at a specific wavelength
and can be described for the V band (i.e. Ax = Av) using this formula [18]:

AV == EB—V R """""""""" (3)

Where E5_y, represents the color excess and it is the different magnitudes at different bands.
R equal to be 3.1.

By substituting equation 2 into equation 1, the final flux radiation of the star has a surface
temperature (T=), and it can be expressed by [18]:
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Where F s¢qr represents the flux of the star at specific wavelength, RZ is the radius of the
star in AU, (1". d) is the angle at distance d to the star (1"=

s
rad).
64800

The flux that emits from the disk around the star is not equal in all places in the disk. The
center star heats the disk, so the temperature on the disk depends on the distance from the star.
Therefore, the temperature in the disk is assumed to be a gradient, and the temperature at a
specific radius from the star is given by [18]:

T =To(L) e (5)

Where T, is the temperature at radius ro, ro is the distance at 1 AU. q is the exponent of the
power law. The value of the flaring disk is 0.5 (flaring disk means increasing the high scale of
the disk with a distance from the star), and the value of the flat disk is 0.75 (flat disk means the
high scale of the disk remains constant without change with distance from the star).

The flux that comes from the whole disk can be calculated using the equation [19]:

Tou
Fpaisk = ﬁfrm ‘r By ext (Taisk (1)) €y dr------------- (6)

Where r;, and r,,,; are the limit of the integration, r;,, is the inner radius of the disk and r,;
is the outer radius of the disk. e is the emissivity factor (e;=1- e-T) and dependent on the
optical depth of the disk [18]:

K
cos (i)

Ti(r) = o3 . ™

Where Kj is the opacity of the dust in the disk, i is the inclination of the disk toward the
observer. If i = 0° means the disk observed face-on, but when i =90° means the disk
observed face-off.
> (r) represents the surface density of the disk and can be described by using this equation
[20]:

0 =Zu(Z) e ®)

Tin
Y'in represents the surface density of the inner disk.

Result and Discussion

The total flux from the star and the disk would be F; o = Fisar+ Fiaiski). We have used a
Python code that has been built by Eupen to make a SED model and plot 1 F; . against 4,
then fit the model of the SED with the observations of the SED for the binary WW Cha. The
result of the SED fitting is shown in Figure (3).
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Figure 3: Fitting the model of the spectral energy distribution with observational flux for the
WW Cha stars.

The lines represent the model of the SED and point in different shapes that represent the
observational SED.

The model that we have used to fit the observational SED is based on assuming binary stars
in the system with two protoplanetary disks without a gap between the two disks. The plot in
Figure (3) shows that the blue line represents the total model flux from the binary stars and the
two disks. The orange line represents the photosphere flux from the first star, and the light green
line represents the photosphere flux from the second star. The dark green line is the thin inner
disk, and the red line is the thick outer disk.

We have assumed that the inner radius of the disk is 0.32 AU, and the outer radius of the
inner disk is 10 AU. The model of the SED for the inner disk shows that most of the emission
comes from the inner radius, as shown in Figure (3). In addition to that, the emission in the
inner disk is dominant in the spectral energy distribution compared to the binary stars. We have
also assumed that the inner radius of the outer disk is 3 AU and the outer radius of the outer
disk is 300 AU.

According to the many researches about the chemical composition of dust particles in the
protoplanetary disk, the dust particles consist of the silicate dust mixtures olivines, pyroxenes,
forsterite, and enstatite [21,22]. We have supposed that the chemical composition is amorphous
olivine for the dust particles in the protoplanetary disk around WW-Cha binary stars.

Some values for the input parameters are taken from recent studies; such as the distance of the
star is 190 pc, according to the new measurements from Gaia telescope [20]. The inclination
and longitude of node Q =37.7 are taken from [16]. The best input parameters used to fit the
observational spectral energy distributions with the model of the spectral energy distributions
for WW Cha stars are listed in table (1):
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Table 1: The binary stars and two disks parameters that have been used to fit the SED for the
WW Cha stars

(@) Input parameters for the first star.
- Pparametes  Value
~ Temperature(T) 3350 K

13

(b) Input parameters for the second star

T
o Temperare(my 4450 K
~ Radisofthesar 4Ro
o A 13

(c ) Input parameters for the inner disk

1.1
0.54
0.1 kg/m?

680 K
0.23 AU
10 AU
9.77 AU

-~ Purfacedensity)

~ q(flaringdisky

- Demsiy

(d) Input parameters for the outer disk.

350 K
3 AU

300 AU
297 AU
15
0.5
70 kg/m?

Conclusions

1. The inner disk in the SED starts to emit in the near infrared and mid-infrared. The peak of
the emission in the inner disk is at 10 um, we have fitted the peak by selecting the value for
the power law of the surface density (p) a positive value (p=1.1). If we have selected the
negative value of the power law, it would not have shown that much increase in the emission
at 10 pum.

2. Most of the emission in the outer disk comes from the far infrared and sub-millimeter
wavelengths. The power law of the surface density is positive (p=1.5), the disk is flaring.

3. The surface layer of the inner disk is hotter than the surface layer of the outer disk. The
temperature in the inner disk is (680 k), and in the outer disk is (350 k).

4. The value of the surface density in the outer disk is (70 kg/m?) while the value of the surface
density in the inner disk is (0.1 kg/m?). That means that the outer disk is denser than the inner
disk.
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