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About SpecLTE

SpecLTE is a COMSOL application that contains a model to perform simulation of the
radiation spectra emitted by a non-uniform, cylindrical plasma in Local Thermodynamic
Equilibrium (LTE). The detailed information about the model is described in detail in M.
Becerra et al., J. Phys. D: App Phys 52 (2019) 434003 (10pp). Any derivate work from
SpecLTE should cite this reference as source.

SpecLTE is created in COMSOL Multiphysics and can be run in versions 5.4 or superior.

SpecLTE allows you to setup, run and visualize the spectral simulation emitted by a
single specie. Data for Cul and Cull as emitter species are included in the "Example
data” subfolder. The default data is for a Cull emitter with temperature and pressure
profiles as in the Example data subfolder.



4
£

& verinsaar £

Running SpecLT

e Untitled.mph - Spectral simulation o
«  Open your COMSOL Desktop
. . = =] (]
e nVI ro n m e nt (Ve rS I o n 5 4 a n d Plot Plot Mumber Plot Partition ~ Solve PlotSpectral PlotAxis | App Exit
. Temperature/Pressure Density  Funetion Image  Spectra | Manual
S u pe rl 0 r) a n d Se I eCt th e Ru n Welcome to this COMSOL App to Simulate Radiation Spectra from an Axialsymmetric Plasma
. . . . This App is based on 8 COMSOL model developed by M. Becerra at KTH Royal Insttute of Technology 2018-2019. It
performs the simulation of the side-on radiation spectra for a non-uniform single-emitter cylindrical LTE plasma.
Application to open the application B e s
Copyright of this App is retsined by Marley Becerra (marley@kth.se) 2018
Arc radius: 8 m
(s | |—_b| n r‘ [ 3 |_—'E| D:‘:l 'III‘ ! Lambda: nm
= i
Lambda': 510 nm
File v Home Defintions Gec-metr}f M Input File for the Plasma Temperature Browse..
m Input File for the Plazma Pressure Browse.
Mew Crl+N ] Input File for the Emitter Number Density Browse..
. Input File for the Partition Funct Browse.
@ T e T nput File for the Partition Function e
t aa@aE - oY)
Open Ctrl+Q g =
sideon Spectral Image o
m - T - - T - - - - - -
Recent [ x10t
0.509 - B
o008 ] 7
0507 B 6
£ o6 B 5
£
g ososp B .
o]
3 0504f B
= 3
. . . . . 0503 1
After clicking, the main window of SpecLTE is I} E
launched i
051 . L . h r n n ! . . . 3 0
©0.01  -0.008  -0.006  -0.004  -0.002 0 0.002 0004 0006  0.008 0.01 m

y axis (m)

About



SpecLTE Main Window
Toolbar

The SpecLTE toolbar in the App allows the user to plot the main inputs of the
simulation, to solve model and plot the results, to consult this App manual and to Exit
the application

Dashboard
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Plot Plot Mumber Plot Partition Solve  Plot Spectral Plot Axis App Exit
Temperature/Pressure Density Functicn Image Spectra Manual

To run a simulation, run the icons in the toolbar from left to right. The help about how to
operate the app is in the App Manual icon. To close the App, click the Exit icon.



SpecLTE Main Window

The SpecLTE user can set the radius of the plasma (used only to define the size of the spatial simulation
range) and the interval within which the spectra is simulated. The spectra is simulated considering 1024
points between the defined spectral interval. He/she can also load input files containing the spatial profile
for the plasma temperature and partial pressure, as well as the number density distribution of the emitter
specie (as a function of temperature and partial pressure) and its corresponding partition function (as a
function of temperature). SpecLTE can be set to simulate the emission from any specie granted that the
correct input data is used for the emitting specie. Examples for atomic and ionic copper data as well as
temperature/pressure profiles are included.

Arc radius: 0.0032 rm

Lambdal: 500 nm

Lambdal: 310 nm

Input File for the Plasma Temperature ChExample data\TemperaturePlasma_Radius. bt Browse...
Input File for the Plasrma Pressure Ch\Example data%PressurePlasma_Radius. bt Browse...

Input File for the Emitter Murnber Density  CA\Example data\MurmberDensityCull_Pressure_Temperat | Browse...
Input File for the Partition Function Ch\Example data\PartitiocnFunctionCull_Termnperature.td Browse...

Input File for Spectral Line Data ChExample datahAtomicSpectralDataCOMSOL_Cull.txt Browse...



SpecLTE Main Window
User Inputs: Plasma temperature & pressure

The spatial distribution of the plasma temperature and partial pressure should be given in a textfile (.txt).

Click the "Browse..” button to select a proper input file:

Input File for the Plasma Temperature

Input File for the Plasma Partial Pressure

Browse..,

Browse...

Each file should have two, space (or tab) separated columns, with the first column defining the radial
position (in m) of either the temperature (in K) or pressure profiles (in Pa). No headers should be present.

mj TemperaturePlasma_Radius.tet - Notepad

Eile Edit Format WYiew Help
g 19168
de-4 19755
8e-4 20611
1.2e-3 28798
1.6e-3 28776
2e-3 20508
2.8e-3 19285
3.3e-3 15508
3.5e-3 5008
Iﬂ-e—3 20800

mj PressurePlasma_Radius. b - Motepad

File Edit Format
P 1.e12e5
3e-4 1.81e5
be-4 1.81e5
B.9e-3 8ed
1.2e-3 2.58e4d
1.8e-3 1.21e4
2.5e-3 8.6e3
Je-3 6.29e3
3.2e-3 8
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View Help

om
Use the remeserese — iCON iN the menu
to plot and crosscheck that your input
is correct



SpecLTE Main Window
User Inputs: Emitter Number Density

The number density of the emitting specie as a function of pressure and temperature should be given in a
textfile (.txt). Click the "Browse..” button to select a proper input file:

Input File for the Emitter Murnber Density Browse...

The file should have three, space (or tab) separated columns, with columns defining the partial pressure
(in Pa), temperature (in K) and the emitter number density (in m-3). No headers should be present.

j MumberDensityCull_Pressure_Temperature.tut - Notepad

File Edit Format View Help

h.eeE+02 3.80E+83 3.16E+17
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SpecLTE Main Window
User Inputs: Emitter Partition Function

The partition of the emitting specie as a function of temperature should be given in a textfile (.txt). Click the
"Browse..” button to select a proper input file:

Input File for the Partition Function Browse...

The file should have two, space (or tab) separated columns, with the columns defining the temperature (in
K) and the partition function. No headers should be present.

j PartitionFunctionCull_Temperature.tit - Notepad

File Edit Format Wiew Help
heee 1
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Soon 1000 Use the "anie icon in the menu to
500 1.6253 plot and crosscheck that your input is
10000 1.6979 correct

13e8e 2.5373
lee8e 3.5985
19080 4.8698
21088 5.8482
23080 6.9417
2588 8.1533
3geee 11.657



SpecLTE Main Window
User Inputs: Spectral Line Data

The spectral data of each of the lines considered for the emiting specie should be given in a textfile (.txt).
Click the "Browse..” button to select a proper input file:

Input File for Spectral Line Data Browse...

The file should have three, space (or tab) separated columns specifying the parameter name, value and
description of the spectral data for each line. For this, the central wavelength (in m), FWHM, upper energy
level (in eV), the term h*c*gA/(4*pi*lambdaC), the Lorentz profile equation and the emission coefficient are
sequencially defined for each line considered for the emitting specie.

Since this file needs to be compatible as a COMSOL input file and many lines may be considered, a
Matlab file called CreateSpectralLineData_ COMSOLVariablelnputFile  APP.m has been included in the
installation to automate the generation of this file.



The compiling Matlab file uses as input a datafile
(.dat) with five tab separated columns for the central
wavelenght (in nm), transition strength gA (in s),
lower energy level (in eV), upper energy level (in eV)
and FWHM (in nm) of each considered line. The first
four columns can be obtained from the NIST
spectral line database

(

) as shown in the right image. The FWHM
should be defined based on the instrumental
broadening or estimated from measurements (as in
the reference paper).

Notice that the parameters in the NIST database
gives units different to those required by the App.

SpecLTE Main Window
User Inputs: Spectral Line Data (cont)

Dara Information
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Lines Levels  Speicima fox
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NIST Atomic Spectra Database Lines Form

Main Parameters Spectrum O
Limits for wavelength: v Lower: 420
Upper: 7z0

Wavelength Units: nm v

eg,Fe T orNa;Mg; Al ormg i-iii

NIST

National Institute of

Physical Meas Laboratory

Best viewed with the latest versions of Web browsers and JavaScript enabled

or198Hg T

Show Graphical Options

[ Can you please provide some feedback to improve our database? |

Output Options

Format output: | Tab-delimited v
—_—

No Javascript @
spaces in values

Energy Level Units: eV’

Display output: in ifs enfirely v
Page size: 15

Output ordering: = \ayelength
Multiplet

Optional Search Criteria

Maximum lower level energy:

Maximum upper level energy:

Transition strength bounds will apply to:[Aki v
Minimum transition strength:
Maximum transition strength:

Accuracy minimum:
Relative intensity minimum:

v |

(e.g.. 100000)

(.0., 400000)

(e.g.. 1.2e+05)

(e.g. 25e+12)

(eg.C+)
(e.g. 12e-03)

Additional Criteria

Wavelengths in

Transition strength:

Transition Type:

Level information

Al

* Only with transition probabilifies &g

Only with energy level classifications
Only with observed wavelengths
Only with diagnostics

Include diagnostics data

ic 1) TP references, Line references

Observed - Ritz (difference)
Wavenumber (in cm ')
Uncertainties

cuum (<200 nm)  Air (200 - 1,000 nm) Wavenumber (> 1,000 nm)
cuum (< 1.000 nm) Wavenumber (> 1.000 nm)
(<200nm)  Air (200 - 2,000 nm) Vacuum (> 2,000 nm)

cuum (< 185 nm)  Air (> 185 nm)

Vai
Vai
Vai
Vacuum (all wavelengths)
Vai
Wavenumber (all wavelengths)
Ag

(' g,A;) in units of 10° s '

fi Sic log(g)

“ Allowed (E1)

Relative Intensily
Forbidden (M1E2,...)

Configurations

Terms #_Energies [/ J ¢ g

Dara Informarion —
Lines Levels  shivan (i Bibliography Help



https://physics.nist.gov/PhysRefData/ASD/lines_form.html

SpecLTE Maintenance

This is the beta version of SpecLTE. It will be maintained by M.
Becerra at KTH Royal Institute of Technology. For feedback and
future cooperation in research please contact
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