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Abstract:

The accretion circumstellar disk of young stars and the Brown dwarf plays an
essential role in the formation and evaluation of the planet. Our main work in this
paper is to investigate the geometrical shape model for the protoplanetary disk
around one of the Brown Dwarfs. The photometric measurements for the brown
dwarf CFHT-BD-Tau 4 were extracted from the Vizier archive. We used a
numerical simulation to build a model of the spectral energy distribution of our
target CFHT-BD-Tau 4. The spectral energy distribution model was fitted with
observational data for the brown dwarf CFHT-BD-Tau 4. A transitional disk has
been assumed around CFHT-BD-Tau 4. We obtained physical properties of the two
disks and the size of the gap between them by fitting the SED. The gap in the
protoplanetary disk proves that a planet formation process occurred around the
Brown dwarf.

Keywords: Photometry, Brown Dwarf, Spectral Energy Distribution (SED),
protoplanetary disk, Star formation , CFHT-BD-Tau 4.

CFHT-BD- Ad a8l Jea A 2858 wnigh (Al il 48U s Glyu' du)ya
Tau 4

Talils o adiy) ¢ Zaaaa e Ly ¢ *ladb glaba Gl
L Ghad) —laay =23k Amala —a slall A8 — Liailly Sl o’
LGhad) —eDS —eD S dmalas —pshall IS —o Lyl and

-

Lol
Jiiy SISl gy (S5 b gl 2 ol Agil) 581y Al 4l Jyn Agenill (pal 8V

V) aal Jsn oSS SN Gl il JSEN = 3pei Ay B Gl 134 8 o)) lilec
(VizieR) casiy) o lede Jsasll 5 (CFHT-BD-Tau 4) Ll all sl cilulall . i
Jaasall dillae 5 . CFHT-BD-TaU 4libsg duslall 8lal) a3l o 3pai oliad Hnae 5lSkaa Liaasiad
CFHT-BD-Tau i a5l &3Uall Ll ajsill eyl bl e 4Ll isdal) asi) ol
pabladll e Jpasll 5 .CFHT-BD-Tau 4 il 2l Jsa il G dlllia ol bl o5 .4

*Email: anas.s@sc.uobaghdad.edu.iq

6043


mailto:anas.s@sc.uobaghdad.edu.iq
mailto:anas.s@sc.uobaghdad.edu.iq

Taha et al. Iragi Journal of Science, 2024, Vol. 65, No. 10(SI), pp: 6043-6053

sy o AflLl k) aysll alae A e Gpa @l On deady A E 1A aaas Gaa)dll 25054
L 3 o SR s Adee Sigan e s s IR S Gl g1l

1. Introduction

There are many previous studies in astronomy and astrophysics based on the study of the
photometry for objects in the sky and from these studies extracted the physical properties of
these objects [1,2,3,4]. The formation process of substellar objects such as brown dwarfs,
which have a mass less than 0.08 M is still not fully understood, but they are similar to the
formation of low mass stars. The hypothesis of brown dwarf objects was first assumed by
Kumar (1963) and Hayashi & Nakano (1963) through numerical models [5,6].

The first brown dwarfs have been observed, called Teidel, PP115, and Gliese 229B, by
Rebolo et al. (1995) and Nakajima et al. (1995)[7,8]. Protoplanetary disks around young
brown dwarfs were detected by studying their spectral energy distribution (Luhman et al.
(2005), Apai et al. (2004))[9,10]. In addition, protoplanetary disks have been observed around
low-mass stars and intermediate-mass stars [11, 12, 13].

Our target is called CFHT-BD-Tau4 (also known as ITG 17, 2MASS
J04394748+2601407)[14]. Its position in the sky is the Right Ascension 04"39M47.3° and
declination +26° 01" 39” (J2000.0). It is a young brown dwarf that has a spectral type M7 and
is located close to the Tau Il group (Taurus star-forming region) identified by G’ omez et al.
(1993) at a distance of 147.1+5.2 pc (Gaia Collaboration et al. 2016, 2018), with an estimated
age of approximately 1 Myr old (Martin et al.2001). The bolometric luminosity of CFHT-BD-
Tau 4 is equal to 0.03 L [14,15,16].

Figure 1: Position of CFHT-BD-Tau 4 in the sky between two famous stars Alnath and
Aldebaran in the constellation Taurus. The image in the right corner represents the CFHT-
BD-Tau 4 image from the WISE telescope [Aladine Atlas Sky].

CFHT-BD-Tau 4 has the highest Ha emission among the Taurus brown dwarfs (Martin et al.
2001) and, emits X-ray radiation (Mokler & Stelzer 2002) and mid-infrared emission
detected (Pascucci et al. 2003)[14,17,18].
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CFHT-BD-Tau4 was observed using a T-ReCS mid-infrared detector mounted on the
Gemini South 8 m-telescope in service mode (D. Apai et al.,2004)[9]. Three filters with
central wavelengths of 7.9 um, 10.38 pum and 12.33 pum were used to observe the brown
dwarf. They detected a peak emission in the infrared spectrum that came from silicate
features, which led to an optically thin flared disk around the brown dwarf CFHT-BD-Tau 4

[9].

The first detection of cold dust in the disk around CFHT-BD-Tau 4 was performed using a
millimeter continuum survey (R. K LEI et. al., 2004)[19]. Surveys were obtained from
different bolometer arrays SCUBA at the JCMT and MAMABO at the IRAM telescope. They
estimated the total dust mass in the disk around CFHT-BD-Tau 4 to be a few Jupiter masses
[19].

CFHT-BD-Tau 4 was observed in the near-infrared using a J-band filter and a long slit
Intermediate Resolution Infrared Spectrograph (LIRIS) using the William Herschel Telescope
(4.2 meter). They observed polarization that comes from light scattering within dust particles
in the disk (P. A. Miles-P aez et al., 2017)[20].

The photometric measurement data were taken from the Telescope Kepler K2 mission for
the very young brown dwarf CFHT-BD-Tau 4. Two super flares were observed from the
photometric measurements, and the total bolometric energies for the two flares were estimated
to be 2.1x10%® erg and 4.7x10% erg [21].

The total mass in the protoplanetary disk around CFHT-BD-Tau 4 was estimated to be

0.42Myp and the size of the disk is 160 AU, where the data were taken from Atacama Large
Millimeter/submillimeter Array images (Rilinger A., 2019)[22].
Our main goal in this paper is to study different regions in the protoplanetary disk around the
brown dwarf CFHT-BD-Tau 4 such as the geometry of the inner disk and outer disk, flaring
or flat disk, surface densities, temperature, and chemical compositions of the disk and obtain a
better fit for the spectral energy distribution model with observations and photometric
measurements.

2. Photometric measurements and the SED model

The photometric measurements of the brown dwarf CFHT-BD-Tau 4 from visible to
millimeter wavelengths were taken from VizieR. We plotted the observational spectral energy
distribution for the brown dwarf CFHT-BD-Tau 4, as shown in Figure 2.

The plot shows extended emission in the infrared and longer wavelengths. The infrared
emission comes from warm dust particles and the longer wavelength comes from cold dust.
This emission can be considered a perfect proof of the existence of a protoplanetary disk
around the brown dwarfs. Observations of the spectral energy distribution constructed from
the photometric measurements shown in Figure 2.
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Figure 2: The observational spectral energy distribution for our target CFHT-BD-tau

4, which has been extracted from the VizieR archive, is re-plotted and different colors refer
to different telescopes data. The plot shows the change in flux density in units (w.m) with
wavelength in units (um).

We extracted magnitude values for CFHT-BD-Tau 4 from the flux density. The table below
shows the magnitude values for each filter. The values of the magnitudes for the target show
that the target is brighter in the infrared than visible .

Table 1: Values of the magnitude for CFHT-BD-Tau 4 in different filters.

Wavelength (jum) Flux in (Jy) Magnitudes
(SDSS:u) 0.3519 1.23E-06 23.565
(SDSS:qg) 0.4819 2.57E-06 22.858
(SDSS:r) 0.6246 4.10E-05 19.868
(SDSS:i) 0.7635 5.44E-04 17.061
(SDSS:z) 0.9018 3.44E-03 15.039
(2MASS:J) 1.239 5.18E-14 12.2
(Johnson:J) 1.25 2.17E-02 12.2
(Johnson:K) 2.19 4.82E-02 11.8
(Johnson:H) 1.63 4.11E-02 11
(2MASS:H) 1.649 7.54E-14 11
(2MASS:H) 1.649 7.54E-14 10.8
(Johnson:K) 2.19 4.81E-02 10.4

(2MASS:Ks) 2.163 6.88E-14 10.3

Thttps://irsa.ipac.caltech.edu/data/SPITZER
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We examined the shape of the protoplanetary disk around the brown dwarf CFHT- Tau 4
such as the inner disk, outer disk, and gap. The inner and outer disks around the brown dwarf
CFHT- Tau 4 are assumed to have an inner radius, an outer radius, a temperature, the power
law of the surface density, and the surface density of the dust in the inner and outer disks. The
physical parameters used to fit the observed spectral energy distribution for CFHT-BD-Tau 4
with the spectral energy distribution model are listed in table 2.

Table 2: Input physical parameters for our target CFHT-BD-Tau 4.

Parameters Values references
Temperature 2880 K [23,24]
Mass 0.095 M [23,25]
Radius 1.68R [23]
Extinction (A,) 6.37 [16]
Distance 147 pc [16]

The inner region of the protoplanetary disk around the brown dwarf emits in the infrared
band. As a first step, we have examined the inner disk for our target until we get a better fit
between observational SED and model SED by changing its physical properties, such as inner
radius size, outer radius size, temperature, surface density, and power-law of the surface

density, as shown in the Figure 3.
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(e) Power law of density for the inner disk for different values (P =0.1, 0.5, 0.08 and 1).

Figure 3: Model of the inner disk for a protoplanetary disk around CFHT-BD-Tau 4. (a)
Represents the different values for the inner radius size in unit (AU). (b) Represents the
different values for the outer radius size in unit (AU). (c) Represents the different values of
the temperature in the inner disk in unit (k). (d) Represent the different values of the surface
density of the dust in the inner disk in unit (kg/m®). ). (e) Represent the different values of the
power law of the surface density in the inner disk.

Figure (3-a), shows that the inner radius of the inner disk should be small, which is 0.02 or
0.025 AU, to fit the model of the spectral energy distribution with the observational spectral
energy distribution. An increase the size of the inner radius larger than 0.025 AU will puff up
the inner radius of the disk. Therefore, the value that fits the inner disk SED model should be
less than 0.02 AU.

The outer radius of the inner disk is shown in Figure (3-b). We have chosen different
values for the outer radius of the inner disk. Figure (3-c) shows the different values of the
temperature for dust in the inner (190 k, 195 k, 200 k, 210 k). Figure (3-d) shows the surface
density of dust grains in the inner disk has been examined by selecting different values for the
surface density (£=0.2, 0.3, 0.4, and 0.5 kg/m?)

In addition to that, outer region of the protoplanetary disk around the brown dwarf CFHT-
BD-Tau 4 has been examined in the same way as the inner region. The geometry of the outer
disk consists of the inner radius, outer radius, temperature, surface density, and power-law of
the surface density for the dust grains in the disk. Figure 4 shows the different values used to
fit the model of the SED with observations.
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(e) Power law of density for the inner disk for 0.8
different values (P = 0.1, 0.36, 0.5 and 0.8).

Figure 4. Model of the outer disk for a protoplanetary disk around CFHT-BD-Tau 4. (a)
Represents the different values for the inner radius size in unit (AU). (b) Represents the
different values for the outer radius size in unit (AU). (c) Represents the different values of
the temperature in the outer disk in unit (K). (d) Represent the different values of the surface
density of the dust in the outer disk in unit (kg/m®). (e) Represent the different values of the
power law of the surface density in the inner disk
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Figures (4: a,b,c,d) show that the size of the inner radius of the outer disk starts at 20 AU
and the outer radius of the outer disk ends at 300 AU. The temperature of the dust used to fit
the SEDZin the outer disk is 150 K, and the surface density of the grains in the outer disk is
0.3 kg/m~.

The whole observational SED and model SED have fitted visually, and the final values that
we have chosen to get the best fit are listed in Table 3.

Table 3: Best physical parameters for protoplanetary inner and outer disk around CFHT-BD-
Tau 4

Inner Disk
Parameters Values
Inner radius in AU 0.02
Outer radius in AU 5
Temperature (K) 200
Density (kg/m?) 0.3
P (Power-law density) 0.1
Outer Disk
Parameters Values
Inner radius in AU 20
Outer radius in AU 300
Temperature (K) 150
Density (kg/m?) 0.3
P (Power-law density) 0.36

In the end, the result of the best values chosen to fit the model of the SED with photometric
observations is shown in Figure 5.
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Figure 5: represent the best fit for the model of the SED with observations flux for the brown
dwarf CFHT-BD-tau.

Figure 5 shows that the whole model SED of the brown dwarf CFHT-BD-Tau 4. The

color points in the plot represent the flux values observed from different telescopes at
different wavelengths (optical to sub-millimeter), which have been extracted from VizieR
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data archive. The lines represent our model of the SED that fits observation points, where the
yellow line represents the brown dwarf photosphere, the green line represents the inner disk,
the red line represents the outer disk, and the blue line represents the total flux that comes
from the whole source.

Transitional disks have been approved around many young stellar objects: low-mass stars,
intermediate-mass stars, and brown dwarfs [26,27,28,29,30]. In our model, we have assumed
a transitional disk around the brown dwarf CFHT-BD-Tau 4 to fit the theoretical SED with
the observational SED as shown in Figure 5.

Interstellar extinction happens when the light of stars goes through Earth's atmosphere.
Where the light of stars suffers from absorption and scattering because of the dust and gas
particles in the Earth's atmosphere. The interstellar extinction depends on two factors
wavelength and dust particle size, therefore should be considered when fitting the SED.

When the value of interstellar extinction is higher for the short wavelengths and smaller for
long wavelengths, this is known as "redding”. The value of the extinction for our target
CFHT-BD-tau that used to fit SED in the V-band is A,=6.37, then we have used this equation
A;= Ay/3.55 to get extinction value in the J-band, which means A; =1.5 (Mathis, 1990) [31].

4.Conclusions:

1.We have obtained the best visual fitting between the spectral energy distributions of our
mathematical model with observational spectral energy distribution for brown dwarf CFHT-
BD-Tau 4.

2.The protoplanetary disk geometry consists of an inner optically thick disk with a small puff
up in the short infrared wavelength (flared disk). The properties of the outer disk are optically
thin, flat, and extend for a large distance of 300 AU.

3.The inner region size in the protoplanetary disk is approximately 4.98 AU and the outer
region size is approximately 280 AU.

4.The existence of the gap in some of the protoplanetary disks around brown dwarfs has been
approved in different researches. The radius of the gap that splits between two disks (inner
and outer disks) is less than 15 AU.
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