Analysis of Gas Conditions Influence in the GDT West Expander on Plasma Confinement in the Central Cell
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Abstract. A longitudinal ion and energy transport through the magnetic mirror appears to be the dominant problem in open magnetic traps physics. Cold electrons flow from the field expansion area has been found to be the main mechanism that limits target plasma heating in the central cell of the Gas Dynamic Trap (GDT). One of the dominant cold electrons sources is apparently a residual neutral gas in the expander. Gas and plasma interactions result in gas ionization, and give cold electrons that penetrate through the magnetic mirror into the central cell of the machine. This work aims to find a critical gas concentration in the expander above which it begins to effect basic plasma parameters in the central cell of the GDT. The results obtained from these experiments are crucial for understanding the engineering requirements for the pumping system in divertors of the C-2W machine being built in Tri Alpha Energy Inc. and experimental machines of next generation being designed.
Introduction

Investigations of the expander neutral gas influence on plasma confinement have been made recently on the GDT. It turned out to be that gas does not significantly influence on plasma parameters (Tе in the center, neutron flux, ion saturation current on the plasma target) up to concentration ~ 1013 cm-3. Experimental results point to the existing mechanism of plasma self-isolation from neutral gas, which leads to quantitative reduction of neutrals in plasma in order of magnitude. Such a mechanism might be gas heating by plasma that results in its pressure increasing on the expander axis and hence pushing out of cold neutrals.

FIGURE 1. Magnetic field at the midplane В = 3.3 kGs, mirror ratio R = 33, current neutral beam injected I = 320 equiv. А, energy of NB particles Е = 24 keV, NB injection angle 450, NB injection pulse duration 5 ms, target plasma temperature 250‑500 eV, mean energy of fast ions 10 keV, fast ions density at turning points up to 5∙1013 cm-3, target plasma density 2∙1013cm-3, energy content of fast ion population up to 2000 J.


The GDT (see Fig.1) is an axisymmetric open system with a high mirror ratio for confinement of collision plasma and high-energetic ions fed by an inclined deuterium neutral beam injection. The hot ion component has the mean energy Eh  10 keV and the maximum density nh  3·1013 cm-3. The collision warm plasma has the electron temperature up to Tw250 eV and density nw5·1013cm-3 [1]. The local relative plasma pressure  about 0.6 was measured [2]. These parameters allow proposing a project of the 2 MW/m2 fusion neutron source based on the GDT with a simple geometry and relatively low construction and operation costs [3].
Experimental Setup
An Inverse Magnetron Ionization Gauge (IMIG) and a Fast Inverse Magnetron Ionization Gauge (FIMIG) are used to define gas concentration the GDT expanders (Fig 2). We have also Thomson laser scattering in the central cell, allowing us to measure electron density and temperature. Two diamagnetic loops are used in the central cell for energy content of fast ions population measuring. In addition, there is ion current saturation probe (radial movement provided) at the end of the west expander and neutron measuring device in the central cell.

 
FIGURE 2. Left it is the west GDT expander with a movable plasma target. Right one can see the construction of the FIMIG-transducer with temporal resolution 200 μs.

Experiments were made with different gas puff regimes in the west GDT expander. Gas valve has been installed in the end of expander. Therefore, it can be seen that gas in the expander does not significantly influence on plasma parameters in the central cell. 
Results and Discussion

FIGURE 3. The plasma parameters depending on gas concentration in the GDT expander.

In Fig.3, one can see plasma parameters depending on gas concentration in the west expander. On the left figure one can see electron density (Thomson laser scattering), neutron flux (scintillators in the central cell) and ion flux (the ion probe in the end of the west expander). On the right figure there are electron temperature (Thomson laser scattering) and diamagnetism of fast ion population (diamagnetic loops are installed in the central cell). It can be seen that the critical gas concentration is approximately 1013 cm-3. The ion current saturation probe was moving radially to measure radial ion current profile (fig.4). Two orders increasing of a neutral gas concentration in the extender does not lead to observable increase ion flux.

FIGURE 4. Up left, one can see typical data from diamagnetic loops. Up right, one can see current from the ion saturation probe in time moment 8 ms. Different puff regimes are shown by different colors.

In this work based on simple estimations it is shown that gas heating by plasma can lead to gas pushing out. Mechanisms of effective gas heating are shown to exist with GDT expander plasma parameters. One of the dominating mechanisms is elastic scattering of plasma ions. Calculations made for the GDT expander parameters predict significant (for one order) gas density decreasing with density 1014 cm-3 outside plasma column.
Gas Heating
There are few reactions which can result in heating of the neutral gas in expander. It seems that main one is elastic scattering of ions on hydrogen molecules H2 (cold gas) + D+ (plasma ions) → D++H2 (~0.5 eV) with high cross section σ = 3∙10-15 cm2 [4]. In addition, multi-steps processes could bring significant contribution into the gas heating. Further we consider simplified model based on the heat conduction and momentum balance equations:
· plasma column has radius a, it is axisymmetric one with parameters independent on axial position z;
· plasma radius a is much smaller than characteristic length of variations of gas density;
· the plasma produces the radial flux of hot neutrals which is stopped in surrounding neutral gas;
· stopped hot neutrals heats the gas and contribute to the momentum balance equation.

FIGURE 5. Dimensionless gas concentration inside plasma depending on neutral gas density n0 is shown left. The radial profile of gas concentration for n_0 = 1014 cm-3 is shown right side. 
The model allows calculating radial profile of gas density. It is shown that gas heating by plasma can lead to gas pushing out. Estimations made for the GDT expander parameters predict significant gas density decreasing (for one order) with density 1014 cm-3 outside plasma column (Fig. 5).
Summary
· Critical gas density value in the expander ~1013 cm-3 was experimentally observed in the GDT device.
· Experiments with gas puff in regime with plasma gun and different locations of the target plate are to be continued. 
· Theoretical descriptions of cold gas interaction with plasma in the GDT expander tank have been made. It is shown that gas heating by plasma can lead to its pushing out. Calculations made for the GDT expander parameters predict significant gas density decreasing (for one order) with density 1014 cm-3 outside plasma column.
· The results have been obtained in the GDT experiments are sure to be used in designing divertor tanks for C-2W machine being built in Tri Alpha Energy Inc.
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