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Abstract: This paper summarizes this research project, where it proposes a detailed study focused on implementing a new diagnostic method to
measure local densities of neutral particles within the plasma column of the TCABR tokamak. The diagnostic approach relies on Laser Induced
Ionization (LII) of excited atoms [1] and the subsequent analysis of the intensity reduction of spectral lines emitted by these atoms due to the
ionization. The study involves simulating all the laser optical system in the Ansys Zemax OpticsStudio Software, optimizing laser parameters
(wavelength, energy, beam diameter, etc.), and determining the diagnostic's resolution [2]. Utilizing plasma electronic density and temperature profiles
of the TCABR tokamak, along with the OPEN-ADAS code (Atomic Data and Analysis Structure), the research will also estimate photoionization
coefficients and spectral line intensity reduction for hydrogen, allowing to calculate the atom's density in its ground state within the plasma [3].

INTRODUCTION RESULTS
As a laser beam is able to interact with the plasma confined in magnetic The LII diagnostic must operate in a regime where the rate of ionization
systems, it is possible to use the laser to infer the local parameters of that plasma. Produced by the beam must be independent of the laser energy density. This
If the laser produces some reaction (ionization, excitation, etc.) in the atoms or operating regime is called saturated, that is, the reduction in the excited state
ions that make up the plasma, then it is possible, in real time, to obtain local ~Population must be essentially independent of the probing laser intensity.
information on the plasma volume terminated at the crossing of the laser beam The quantity of most interest is the ratio of the reduction of the population at

with the line of sight joining the detector to the plasma column. an upper state j with the laser action. Equation 2 shows the relation of the
reduction of the population in function of the laser flux ®(v;) and the so-called
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\ Tab.1 below shows the calculation of the saturation flux for different types of
laser for the transitions of hydrogen 4 — 2 responsible for the emission of the Hp
spectral line and 3 — 2 responsible for the emission of the spectral line of Ho from
the Balmer series. Figures 4 and 5 show the ratio of excited state population
reduction as a function of laser saturation flux for Hp and Ho transitions. Tells us
to what beam intensity all excited atoms in level j are ionized.
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Fig.1 Schematic representation of the measurement || Fig.2 Schematic repi i
of the radiance (brightness) of the plasma column the plasma column

The Laser Induced Ionization (LII) method consists of the ionization of a

population of an atom excited at a certain energy level j whose transition to level i
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The brightness shown in the Figure 1 is a function of the Photon emissivity
coefficients (PECs) for the processes of excitation, recombination and thermal
charge exchange.
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PECs were obtained from the OPEN-ADAS code for the Balmer series and
are shown at Figures 6, 7 and 8.
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Fig.3 Sct ic repr of the L. Ind d I ion di: is. 1 - Flat rear mirror, 2 - Laser
objective, 3 - Laser, 4 - Saturable absorber, 5,6 - Flat glass plates 7,8 - Laser energy measurement REFE RENC ES

system, 9 - Fast action photodiode, 10 - Focusing objective, 11 - Flat mirror, 12,15 - Cavity mirrors, 13 -
Cross section of the TCABR Tokamak, 14 - Plasma column, 16 - Equatorial window, 17 - Optical
coupler, 18 - Optical fiber set, 19 - Semi-Mirror, 20 - Ha filter, 21 - H filter, 22 - Multichannel PMT
detectors, 21 - DAS, 22 - Computer.
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