
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Multi-spectrum fitting software for advanced
spectral line shapes analysis
To cite this article: A Cygan and D Lisak 2017 J. Phys.: Conf. Ser. 810 012025

 

View the article online for updates and enhancements.

You may also like
Multi-Scale Time Asymmetry for Detecting
the Breakage of Slug Flow Structure
Qing-Yang Hao,  , Ning-De Jin et al.

-

Thermodynamic arrow of time of quantum
projective measurements
Juyeon Yi and Beom Jun Kim

-

Shifting velocity of temperature extremes
under climate change
Joan Rey, Guillaume Rohat, Marjorie
Perroud et al.

-

This content was downloaded from IP address 3.144.48.135 on 25/04/2024 at 20:46

https://doi.org/10.1088/1742-6596/810/1/012025
https://iopscience.iop.org/article/10.1088/0256-307X/31/12/120501
https://iopscience.iop.org/article/10.1088/0256-307X/31/12/120501
https://iopscience.iop.org/article/10.1209/0295-5075/103/20006
https://iopscience.iop.org/article/10.1209/0295-5075/103/20006
https://iopscience.iop.org/article/10.1088/1748-9326/ab6c6f
https://iopscience.iop.org/article/10.1088/1748-9326/ab6c6f
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstTIGHOjxYM8kI_dot28JNPsg_QPBmB366dqi1nhgwFbyO01qeEwzLSB59f14CG3yjqpW1sExckWPcZ6PBQ36jC4rhjHKv1HKLp4ctBdDFGH8D0iHbqGx9aCdNuTWkIBV7JjXf3w96poIvXZpt6Yxe2FJOujzkS-a4LWZNLNNsupIdOOeJ9Zx7scXlHOTDRb4O3A1hNmCbds5wXv771EVOVtCl-_E8XFhAG-q6-a8dyJLT83HIpEfx6UsyElo3xxBwdHinndFvroqaBAP0yQjYdn69uSM9a0CxV2oV0Jp1bvx1KAmToz54M_npuXI7gOlZXn7DGSP7voLiFNXY4I80&sig=Cg0ArKJSzEIjElrnwfGJ&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Multi-spectrum fitting software for advanced spectral

line shapes analysis

A Cygan, D Lisak

Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus
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Abstract. We present a multi-spectrum fitting software that enables advanced analysis of
high-resolution atomic and molecular spectra in a large range of pressures. Individual lines are
modeled with theoretical profiles that take into account the non-Voigt line shape effects, such
as the speed-dependence of collisional broadening and shift, velocity-changing collisions and
their correlations with phase/state changing collisions, first order line mixing and collision-time
asymmetry.

1. Introduction

Increasing requirements for high-accuracy spectroscopic data has led to a transition from the
commonly used Voigt profile to more advanced and physically justified line-shape models in
spectroscopic databases, reference laboratories and high-precision remote sensing applications.
As shown in many papers, e.g. [1, 2, 3], a sub-percent agreement of experimental data with the
fitted line shape in typical atmospheric conditions requires taking into account such physical
effects as: speed-dependence of collisional broadening and shift [5], velocity-changing collisions,
which leads to Dicke-narrowing [4] and their correlations with phase/state changing collisions
[6]. For non-isolated lines, line mixing [7] may also play an important role. In semiclassical line
shape theory these effects may be described using the correlated asymmetric speed-dependent
Rautian-Sobelman profile (CSDARSP) [8, 9] and its simplifications, such as the Hartmann-Tran
profile (HTP), recently recommended as a standard line-shape model to replace the Voigt profile
in spectroscopic databases [2, 10], e.g in HITRAN [11, 12]. In real experimental conditions,
where the spectra have finite signal-to-noise ratio, numerical correlations between some line-
shape parameters make data fitting difficult. In such cases a multi-spectrum fitting approach
[13] is used. In this approach shared line parameters are fitted to a set of spectra measured at
different gas pressures, which makes it possible to obtain a set of line parameters consistent in
a wide range of gas pressures.

2. Software capabilities

Our spectra fitting software consists of two main components. A Fortran-based library contains
an implementation of the Levenberg-Marquardt nonlinear least-squares fitting algorithm [14]
and algorithm that defines a theoretical model describing a set of fitted spectra. A LabView-
based interface enables convenient reading of experimental spectra, setting the line-shape model
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and initial parameters of spectral lines, provides a tool for graphical representation of the data
and fit, and finally saving the fit results.

The Fortran-based library, compiled to a DLL file, provides access to functions which fit
the user provided multi-spectrum data with a chosen model. The individual line shapes can
be modeled with simplifications of CSDARSP. Speed-dependent effects can either be modeled
with the quadratic [15] or hypergeometric approximation [5], while velocity-changing collisions
are modeled within the soft- or hard-collision approximation. The correlation between velocity-
changing and phase/state changing collisions can be modeled by one of two common approaches,
i.e. the speed-independent complex parameter of frequency of optical collisions [9] or the speed-
dependent correlation parameter, typically denoted as η [1], used also in HTP. The first order
line mixing effects [16] can be modeled by additional pressure-dependent parameters, which may
also describe collision-time asymmetry [17]. The relative accuracy of numerical calculations of
the line shape functions, mostly limited by the numerical accuracy of the integration methods
used, was tested to be at least 10−6. The experimental spectra can be provided in a form of an
absorption coefficient, a cavity ring-down time constant or a transmission through absorption
cell or optical cavity, according to Lambert-Beer law. Instrumental features of a spectrum, such
as a linear background and the etalon fringes, can be fitted together with line shapes.

The LabView-based program, partially shown in Fig. 1, provides a convenient user interface
for spectra fitting. Each of the initial parameters of the single- or multi-spectrum fitting model
can be set as individual for each pressure or a shared parameter for all pressures, with either a

Figure 1. The main part of the LabView-based program interface. The upper part enables
settings of gas pressures and initial parameters of the model. Graphs in the lower part represent
a multi-spectrum fit of example spectrum of 3 lines, measured at 4 pressures. The lower graph
represents fit residuals. In the lower right part a list of fitted parameters with uncertainties and
covariance matrix are displayed.
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linear pressure dependence (e.g. collisional broadening) or pressure independent (e.g. Doppler
broadening). For convenience, in the case of multi-line spectra the parameters can be optionally
set as relative to the corresponding parameters of a reference line (e.g. to the strongest line).
The output files contain the experimental and fitted spectra and their differences, the fitted
parameters of the model with standard uncertainties, the quality of the fit (QF) parameter
[18, 19] and optionally the covariance matrix of the fitted parameters.

3. Conclusions

Our multi-spectrum line-shape fitting software enables analysis of high-precision spectra with
advanced semi-classical models. So far this software, or its earlier versions, were used to analyze
cavity ring-down spectra of O2 [20, 21], CO [22, 23], CO2 [19, 24] and H2O [3, 25]. It was also
used in analysis of the O2 [26, 27], CO [28] and D2 [29] data, presented as posters at the ICSLS
23 conference.

In the future we plan to extend the program functionality by adding temperature
dependencies of line parameters in the multi-spectrum fitting to enable analysis of pressure
and temperature dependencies of spectra and fitting temperature dependencies of line-shape
parameters. We also plan to extend a list of available line profiles by adding a combination of
hard- and soft-collision for velocity-changing collisions.
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