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Abstract:
In this work an effort has been made to investigate the intensities of neutral helium lines and their ratios taking into account the influence and consequences of opacity. For this purpose, helium escape factors
have been calculated on the basis of some simplifying assumptions in the ADAS code, which is part of the well-known Atomic Data Analysis Structure (ADAS) database. The change in excited state population

and ionization balance due to re-absorption of radiation is then derived using a collisional-radiative model based on calculations of the ADAS code. The opacity affected photon emissivity coefficients (PECs),
basically effective rate coefficients, have been estimated for routinely detected visible neutral helium lines and their ratios have been derived for a specified plasma length and geometry of the system. It is found
that the spectral lines 4921.9 Å (2p1P°-4d1D) and 7281.3 Å (2p1P°-3s1S) are slightly affected by opacity whereas the lines 4713.1 Å (2p3P°-4s3S), 5047.7 Å (2p1P°-4s1S) and 7065.7 Å (2p3P°-3s3S) are strongly
affected by opacity. Under opacity effects, the density sensitive helium line ratio He I 4921.9 Å/He I 5047.7 Å and temperature sensitive He I 7065.7 Å/He I 7281.3 Å can’t be used accurately.

Opacity affected spectral analysis
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The radiative transfer equation of a particular spectral line in plasma along a line of sight (without scattering into the line of sight) is written as,
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Suppose the plasma extends over co-ordinate x from zero to b, the spectral radiance at b, for low-density plasmas,
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The integration over solid angle takes into account the individual directions to the plasma edge and the spectral radiance gathered along these lines-of sight. In simplified form, for given line profiles, Θ only
depends on the product of the absorption coefficient in the line center α(0) and the relevant plasma length.

[**K. Behringer, Escape Factors for Line Emission and Population Calculations, Report IPP 10/11, 1998.]

Input parameters **
• Atomic mass number of helium, electron temperature (this is only used to calculate the Boltzmann density distribution i.e. ~8 eV), gas temperature (~600 K), neutral density (~1014 cm-3), radius of cylindrical
plasma system b (1-10 cm), aspect ratio (0.5), plasma geometry (cylindrical), line profile (Doppler) and type of density distribution across plasma (parabolic).
• The Einstein A values in the data file in the ADAS database are modified accordingly and are replaced for the respective lines, and the data are written to the defined output data set. The modified new data file
is then processed using the collisional-radiative model in the ADAS 208 code to calculate the opacity modified population distribution and ultimately the photon emission coefficients (PEC’s) for spectral lines for
assessment and line ratio estimations.

[R. Prakash, J. Jain et al, J. Phys. B: At. Mol. Opt. Phys. 43, 144012 (2010).]

Results
The photon intensity a spectral line with opacity effects can be written from the quasi-steady-state approximation of the CR-model as,
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A plasma temperatures above 3 eV can be assumed for purely ionizing plasma, and the modified line intensity of a spectral line for a transition from level u to level l can be expressed as,
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Under ionizing condition, the line ratios of the two spectral lines will become,

I ul1 PECo,excitation1
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To see the effect of opacity and diffusion on PEC's of neutral helium lines a mismatch parameter σ is defined as
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# [B. Agarwal, R. Prakash et al Phys. Scr., 80, 055505 (2009).]
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Figure 2: Variation of variance (σ) of line intensity ratios with electron temperature for different radius of cylindrical plasmas at fixed electron density 1x1012 cm-3 and
the following line ratios (a) He I 4921.9 Å/He I 4713.1 Å (b) He I 7281.3 Å/He I 7065.7 Å (c) He I 5047.7 Å/He I 4713.1 Å and also at fixed electron temperature 5 eV and
with different electron densities for line ratio (d) He I 4921.9 Å/He I 5047.7 Å.
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Figure 1: Variation of variance (σ) on photon emissivity coefficients with electron
temperature for different radius of cylindrical plasmas at fixed electron density 1x1012 cm–3
and the following spectral lines (a) He I 4713.1 Å (b) He I 4921.9 Å (c) He I 5047.7 Å (d) He I
7065.7 Å and (e) He I 7281.3 Å.
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Figure 3: Opacity affected helium line intensity ratios for different radius of cylindrical plasmas at fixed electron density 1x1012 cm-3 and at different electron
temperatures (a) He I 4921.9 Å/He I 4713.1 Å (b) He I 7281.3 Å/He I 7065.7 Å (c) He I 5047.7 Å/He I 4713.1 Å and also at fixed electron temperature 5 eV and different
electron densities (d) He I 4921.9 Å/He I 5047.7 Å.

Conclusion:
The effects of opacity and diffusion on routinely detected neutral helium lines, i.e., 4713.1 Å, 4921.9 Å, 5047.7 Å, 7065.7 Å and 7281.3 Å have been studied. The loss of
metastable states due to diffusion is considered only for the resonance lines of neutral helium. There is a net reduction in Einstein’s A coefficient due to opacity and
diffusion which modifies the effective rate coefficients, (PECs), and consequently the intensities of the spectral lines. This also leads to changes of the corresponding line
ratios. It is found that the ratio He I 5047.7 Å /He I 4713.1 Å is not affected much by opacity and diffusion below 10 eV and can be easily used for plasma temperature
estimation without worrying about these effects in the CR-model calculations. However, the line ratio He I 7281.3 Å/He I 7065.7 Å is less affected for the electron
temperatures higher than 10 eV. On the other hand, the presence of opacity affects considerably some of the neutral helium line ratios, such as, He I 4921.9 Å/He I 5047.7
Å and He I 4923.2 Å/He I 4714.8 Å. Hence for correct estimations of plasma parameters by line ratio technique or by simultaneous determination of plasma parameters
from a large number of spectral lines, the effect of opacity and diffusion must be included for appropriate plasma conditions.

