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Introducction

Molecules in circumstellar disk.

The temperature is low enough to allow the formation ofmolecules.

Molecules are evidenced by the presence of molecular emission bands in the

star's spectrum.

The shape of the lines in the molecular bands indicates that they are formed in a

rotating disk.

Each molecule is located in specific regions of the disk at a given distance from

the star (Maravelias et al. , 2018).
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Introducction

Molecules in circumstellar disk.

The temperature is low enough to allow the formation ofmolecules.

Molecules are evidenced by the presence of molecular emission bands in the

star's spectrum.

The shape of the lines in the molecular bands indicates that they are formed in a

rotating disk.

Each molecule is located in specific regions of the disk at a given distance from

the star (Maravelias et al. , 2018).

It is necessary to have synthetic spectra in order to identify the molecules present

in circumstellar disks and determine the disk parameters in the regions where

these molecules are found.
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The code

The Code.

Programmed in FORTRAN 95.

The code does not have a name, for now it is temporarily called DisMol.

It allows calculating the spectrum of a single molecule or the combined spectrum

ofmultiple molecules with overlapping molecular bands.

The code considers each isotopic variant as a separate molecule.

The code requires multiple input files. Some files need to be manipulated by the

user to input the spectrum characteristics, while others contain specific data for

each molecule that should not be altered.

Depending on the number of rovibrational levels and their respective transitions

of the considered molecule, the computational requirements can be demanding.
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Input files

Dismol.dat

Input file containing the

general information of the

model.

Data of the spectrum.

Number of molecules and

associated files.

Data of de disk.

Information about this file.
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Input files
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Disk representation

Disk representation

- Ring with equidistant nodes with the

same physical and geometric parame-

ters (temperature, density, chemical

composition, rotation speed, inclina-

tion, etc.).

- Consequently, each node has a diffe-

rent radial velocity.
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Disk representation

Disk representation

- Ring with equidistant nodes with the

same physical and geometric parame-

ters (temperature, density, chemical

composition, rotation speed, inclina-

tion, etc.).

- Consequently, each node has a diffe-

rent radial velocity.

In the future:

- Incorporation of additional rings

with different conditions.

- Consider the possibility of partial

rings.
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Input files

EntradaC12O16.dat

Input file containing the da-

ta for each isotopic variant.

One file per variant.

Data of the isotopic variant.

Information about the files

containing the data of the

variant.

Physical parameters of the

variant.

Information about this file.
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Input files
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The molecular data, ExoMol
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Molecular data file

Einstein12C16O.dat

Input file containing the

transitions.

Data of the isotopic variant.

Reference.

Information of the header.

Number of transitions.

Data.
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Molecular data file

Einstein40Ca16O.dat

Input file containing the

transitions.

Data of the isotopic variant.

Reference.

Information of the header.

Number of transitions.

Data.



Rodolfo VallverdúOndrejov, June 29, 2023.

Molecular data file

Einstein12C1H.dat

Input file containing the

transitions.

Data of the isotopic variant.

Reference.

Information of the header.

Number of transitions.

Data.
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Molecular data file

Energías12C16O.dat

Input file containing the

energy levels.

Data of the isotopic variant.

Reference.

Information of the header.

Number of levels.

Data.
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Molecular data file

FP12C16O.dat

Input file containing the

partition function.

Data of the isotopic variant.

Reference.

Information of the header.

Range of temperatura.

Data.
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Output file

Disco12C16O2000.sal

Output file containing the

data for the spectrum.

Information of the model.

Spectrum.



Rodolfo VallverdúOndrejov, June 29, 2023.

Models

Models

In the first models, it is calculated for a range of temperatures.

In the latest models, only for 2000 K.

Column density = 1019 cm-2.

Rotation velocity = 86 km/s.

Inclination = 40˚.

Resolution = 16.0 km/s
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Models

Carbon monoxide (CO).

10920 transitions, (2.29 - 2.80 µ).

2961 energy levels.

vmax = 20, Jmax = 140.

12C16O, 13C16O, 1 2C17O, 13C17O, 12C18O,
13C18O.
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Models
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Models

CPD52 9243

TCO = 2400 K

NCO = 4.0x10
22 cm-2

[12C16O] = 0.95

[13C16O] = 0.05

Resolution = 6 km/s

2.29 µ a 2.51µ

16000 points

i = 40º

Vrot = 33 km/s

72 nodes

Cidale et al, 2012
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Models

Silicon monoxide (SiO).

10920 transitions, (4.00 - 6.00 µ).

2961 energy levels.

vmax = 20, Jmax = 140.

28Si16O, 29Si16O, 30Si16O, 28SiC17O, 28Si18O.
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Models

Carbon sulfide (CS).

11480 transitions, (3 .86 - 6.1 0 µ).

2961 energy levels.

vmax = 20, Jmax = 140.

12C32S, 12C34S, 13C32S, 12C35S, 1 2C36S,
13C33S, 13C34S, 13C36S.
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Models

Silicon sulfide (SiS).

10920 transitions, (6.60 - 8.70 µ).

2961 energy levels.

vmax = 20, Jmax = 140.

28Si32S, 28Si34S, 29Si32S, 30Si32S, 28Si33S,
28Si36S, 29Si33S, 29Si34S, 29Si36S, 30Si33S,
30Si34S, 30Si36S.
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Models

Chlorine hydride (HCl).

2509 transitions, (1 .71 - 2.20 µ).

710 energy levels.

vmax = 17, Jmax = 41 .

35Cl1H, 37Cl1H, 35Cl2H, 37Cl2H.
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Models

Fluorine hydride (HF).

1457 transitions, (1 .25 - 2.66 µ).

468 energy levels.

vmax = 11 , Jmax = 38.

1H19F.
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Models

Nitrogen hydride (NH).

7561 transitions, (1 .57 - 2.90 µ).

1 285 energy levels.

vmax = 6, Jmax = 44.

14N1H.
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Models

Carbon hydride (CH).

20080 transitions, (1 .60 - 2.60 µ).

1 596 energy levels.

vmax = 20, Jmax = 21 .

12C1H, 13C1H.
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Models

Hydroxyl (OH).

12306 transitions, (1 .38 - 2.00 µ).

1 878 energy levels.

vmax = 4, Jmax = 44.

16O1H.
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Models

Calcium monoxide (CaO).

453331 transitions, (0.74 - 2.30 µ).

1 911 3 energy levels.

vmax = 20, Jmax = 70.

40Ca16O.
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Models

Iron hydride (FeH).

45232 transitions, (0.73 - 1 .20 µ).

3960 energy levels.

vmax = 4, Jmax = 51 .

56Fe1H. 54Fe1H and 57Fe1H they are

relevant but there is no data available.

Column density = 1017 cm-2
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Models

Phosphorus monoxide (PO).

79353 transitions, (4.00 - 5.00 µ), (7.60 - 8.60 µ).

11 278 energy levels.

vmax = 20, Jmax = 140.5.

31P16O.
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Models

Silicon nitride (SiN).

1051315 transitions, (2.45 - 3.40 µ),

(4.32 - 5.00 µ).

24764 energy levels.

vmax = 20, Jmax = 50.5.

28Si14N, 29Si14N, 30Si14N, 28Si15N.
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Models

Molecular carbon (C2).

429843 transitions, (0.87 - 1 .05 µ),

(1 .1 4 - 1 .43 µ).

31 353 energy levels.

vmax = 20, Jmax = 140.

12C12C, 12C13C, 1 3C13C.

Column density = 1017 cm-2
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Comparation
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Comparation
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Future work

Future work:

SiH
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Conclusion

Conclusions:

I think it is a good tool for identifying specific molecules and fitting the spectra

to determine certain parameters of circumstellar disks.

The application of the code will depend on the available observations.

When considering molecules with a large number of transitions, we need to be

careful and determine the optimal number ofwavelength grid points.

.
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Muchas gracias

Thank you very much

Děkuji moc




