Opacity Effect on Photon Emissivity Coefficients (PECs) of Neutral Helium Line Emissions and Its Impact on Line Ratios
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Motivation Opacity inclusion contd.
- . _ nuA\JIhV
In our recent work, we developed a spectroscopic method to determine the plasma parameters ) — Spectral Emission Coefficient = ‘9LPA(W)—TPA(W)
simultaneously from the visible spectrum and then the obtained results are used to calibrate a VUV (E—?j
SpeCtrometer-deteCtOI‘ SyStem [1] The Obta|ned I’eSU|tS W|th feW appI’OXIma'[IOI’]S were enCOUI‘aglng q' — Effective absorption coefficient = of 1-€ (If the population ratio of the upper and lower states can be described by Boltzmann distribution.)

because spectral fits were very consistent. However, it requires further investigations in particular
to identify the role of poorly determined electron temperature from the proposed analysis. W if the plasma extends over co-ordinate x from zero to b, the escaping radiance at b is given by
Inclusion of other atomic processes such as dielectronic recombination of ions, opacity effect and | |[5], ; : ;
also losses due to diffusion to the walls of the discharge source may improve the analysis. In this L. (b) :jo gi(x)exp{— jx a(x’)dx’de+ LA(O)exp{— jo a(x)de ....... (@) .with the assumption |_0)—0 and a is independent
work we are motivated to understand the opacity effect in our pre-exciting model. b

L, (b) =[ &, () exp|[(l —b)adx................ )

®» The escape factor for the integral line emission in the direction of x is defined by relating the

B 1o investigate the helium spectral line excitation keeping the influence and||spectral integral over the self-absorbed line profile to the optically thin line radiance, which is

consequences of opacity . expressed as [6], o _, || a(2)] &,(x,2)exp[(x — b)ar(2)]dx(€2)dAdO
4re (D)

W For the cylindrical plasma geometry, Doppler line profile and parabolic emission spatial profile,

it Is found that the value of a(0) Is proportional to neutral density n, oscillator strength f,

® Spectral I'ne. cMISSIons of atomic and molecular species from various plas_mas wavelength 4 and o [6] (where T, Is gas temperature and p is atomic mass number). Hence
(Tokamak, Penning discharge source etc) have been promoted as a key diaghostic to T, J
the escape factoris expressed as [5,6],

plasma electron density, plasma electron temperature and transport characteristics of the 1 fe? 4m_

O=a(0)b=n b......... 7
plasma. «(0) C dem, 27szg (7)

of x, equation (4) will take the form

Objective

Introduction

» Interpretation of spectroscopic measurements is not straight-forward. The delicacy lies
In the complex nature of plasmas and subsequently the manifold atomic processes. In

order to infer the plasma parameters from spectroscopic studies, one requires efficient
experimental tools as well as large databases of pertinent atomic data, often from theory, to

B The following input parameters are used in order to calculate the opacity affected PECs values
model the emission through a collisional-radiative (CR) model [2] calculation. g Input p p y

from ADAS code: atomic mass number, electron temperature (this is only used to calculate the
Boltzmann density distribution i.e. ~8 eV), gas temperature (~600 °K), neutral density (~10%4),

W |f the plasma is optically thick, the radiation which is coming from the plasma can not be length of plasma b (1-10 cm), aspect ratio (0.5), plasma geometry (cylindrical), line profile

used for ‘true’ parameter estimation. Moreover, to infer the plasma parameters correctly

. . . . Doppler) and type of density distribution across plasma (parabolic).
one has to check the effect of opacity on the working spectral lines prior to apply the ( f;?o_ ) l ylp S y - a , ,pl — (p ) — A
spectroscopic method like — line ratio method [3], simultaneous parameters estimation [1] . 1 et 10 ]
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B \With all these rate coefficients and using CR model, in quasi-steady-state the intensity 1 Fig 1d 10 8 E g " e f o~
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Here PECs are the Photon Emissivity Coefficients (effective rate coefficients x Einstein's A X, = PECs with Opacity IR ARSI MWL du Vet k- e i 2
Coefficients) for a given line and are complicated functions of electron plasma temperature S ——— 10 LN 10 Density /om
and density. Moreover, for a given set of electron temperature and density the PECs values || _af I e wbE B e T LY s
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Equation (2) is used to develop a model for the estimation of plasma parameters like s L I ’ i s L R — U
. . . . = 20— TP WL ] '% - g B T,=5ev ‘ B
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The eStImated denSItleS are CO”SlStent Wlth Other StUdIeS Of pennlng plasma dISCharge % 10:_ x;‘;‘:((zs:z:g; _ T The effects Of OpaCIty on the neutral hellum Spectral Ilnes relevant to our
source [4], but the estimated electron temperature is not consistent . This inconsistency in|| 2 - o= M’“‘*Mf penning discharge plasma system are estimated using an escape factor code
the temperature may be due to the opacity of plasma or it may be due to the diffusion of || § & [ e OF the ADAS database. A cylindrical plasma geometry similar to our earlier
metastable state atoms or it may be due to both of the processes. g b e experimentation is u_sed, assuming a parz_abollc emission profile (Whlch peaks_at

@ =mmmssmmmm  to center of the cylinder) across the radius of the cylinder. Doppler line profile
=<} y y PP P

* : R BT IS used in the calculation as per the standard progedure of low density and. I_ow
Opacity Inclusion: 00 T e temperature plasmas. The code evaluates an optical depth for each transition
® The opacity changes the population of excited states and hence the effective collisional- Density (cm’™) and returns to a population escape factor. For a given set of escape factors, it
radiative ionization and recombination rate coefficients. The change in effective rate became possible to perform collisional-radiative calculations using ADAS code
coefficients will change the emitted radiance of spectral lines with an account of opacity.

® Escape factor approach is widely used to include the effect of opacity in rate coefficients. ||® It IS done by parametrically modifying the Einstein’s Coefficient A values in the Helium data file that are
The escape factor is the mean escape probability that a photon emitted anywhere in the produced having the effects of opacity in the collisional-radiative model code. We evaluated a range of optically

: : : : thick populations in terms of photon emission coefficients to be used in line ratio comparison and also in our
source travels directly to the surface of the source in any direction and escapes. More « POp . Pno S P ST .
earlier proposed analysis of basic plasma parameter estimations from number of spectral line in a penning

specifically the escape factor can be Interpreted as the ratio between the total rate of||yasma discharge source. The results show a significant variation in the PEC’s values and so obviously in the
emergent flux of photons and the total rate of emission of photons within the source. The ||plasma parameters.

Inclusion of opacity in the CR model calculations causes the net reduction in Einstein's A ||References:
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