ECR plasmas boundary conditions, philosophical phenomenology
Introduction 

It is well known that an ECR plasma depends on very numerous parameters (probably more than hundred).

So it seems illusionary to describe a general behaviour by varying only several well known factors.

The plasma regimes which were experimentally obtained are obviously the result of different previous regimes which we describe with selected words (for instance, breakdown, steady state, after glow, etc.).

These are typical concepts in the jargon of laboratory plasmas.

In fact we just try to invoke some, good easily reproducible regimes in order to organize our knowledge around them (and forget the bad regimes). However one has to keep in mind that between the good and bad regimes many undesirable and unstable phenomena exist. It would be advantageous to find out that there are clear cut boundaries in time and in space.

Because then one would be able to categorize the plasma families and work out different theoretical approaches with simplified parameters. This would allow to determine the validity of the time boundaries with experimentally controllable values.

In other words, modern physics in general and plasma physics in particular need a kind of context where absolute and unlimited extrapolations are avoided. In this case the possibility of scaling laws is a valuable alternative since it replaces pure heuristics by quantitative formulae… and as the phenomenon is only valid inside given time boundaries it is not necessary to establish links between it and previous phenomena… The phenomena can loose their memory.

Under these conditions the basic difficulty of time continuity (as desired in human ethics) vanishes and becomes meaning less in experimental science.

However these simple proposals were not accepted in other philosophical disciplines and especially in the realm of human sciences (where in contrast to physics the time is considered as unfractionable). This situation opened interminable debates since the greek antiquity.

Only recently have modern philosopher and especially Edmund Husserl (1859-1938) introduced the rigorous concept of phenomenology in which only repeatedly reproducible phenomena were accepted and quoted… Thus before time t1 nothing is quoted and beyond t2 nothing is worthwhile to be considered. In this simple and voluntarily factual approach traditions and beliefs were minimized. However this led to a philosophical set back because a possible discontinuity of the time was unbelievable and unacceptable. Finally nobody, not even Husserl dared to propose a factual link between the intention and the happening of a phenomenon and this weakened obviously the position of the phenomenologist.
Subsequently Husserl’s adversaries won rapidly the game in most of the philosophical battles and the existentialists for instance led by Heidegger (1889-1976) reintroduced the continuity of the time… but could not avoid it links with myths and questionable and uncontrollable ideologies. So in turns, due to these bad mixtures they finally lost their prestige and today nobody would any longer claim the inferiority of phenomenology with respect to other trends.
In the realm of plasma physics where quiescent steady states coexist with turbulent thresholds and non linear regimes, the time boundary limits of the phenomenology are especially welcome since they suppress useless arguments.
This is particularly true in pulsed experimental plasma research where different phenomena occur successively during one single ECR power pulse.

But as these phenomena are reproducible with a high repetition rate we are typically dealing with a case where phenomenology is applicable even if one does not understand all the details.

Experimental phenomenology (plasma regimes)
1 – The breakdown regime
Let us consider a simple case of electron cyclotron resonance. The first phenomenon is obviously the plasma breakdown which occurs when a multi-mode cavity is located in a multi-mirror configuration: one then observes that the ECR breakdown is possible over very large ranges of B and gas pressure. These easy and not critical breakdown conditions are due to the presence of different zones of ECR located in the cavity, with possibly various local E fields and gas pressures. When one ECR zone disappears another, located somewhere else, is capable of breaking down the gas. Only when the ECR condition is nowhere fulfilled inside the plasma container, does the phenomenon of low-RF-power breakdown disappear. Thus breakdown conditions are easily fulfilled even at very low pressures and very low RF power provided that ECR zones exist in the plasma.
However an ECR plasma breakdown provides a weakly ionized gas with densities of 107 cm-3 involving a minimum of RF power and possible very low gas pressure. On the other hand we know that steady state ECR discharges yield plasma densities generally comprised between 1010 and 1013 cm-3 involving RF power up to the kilowatt range.

Thus the breakdown plasma is only a preliminary phenomenon of the usual steady state ECR plasma, and very efficient multiplication factors have to intervene. However this multiplication will trigger nonlinear and non controlled avalanches which were not foreseen.
2 - The transitory regime 
At time t3 very shortly after t2, we reach a threshold. The beginning of this transitory phenomenon is well established but not directly explainable.
In fact the plasma will jump suddenly from the initial, low-density plasma state, created by the breakdown conditions, towards higher-density steady states. Several successive nonlinear jumps are observable. The establishing of a high-density plasma takes generally ~ 10-3 s. Only qualitative descriptions of the phenomena, which involve many physical phenomena, are proposable but the non linear jump was clearly demonstrated. The triggering of some instability is characteristic of the transient process. During the instabilities, large electric fields are created, and energetic particles hitting the walls may generate an avalanche with the help of local secondary emission. In addition or due to the instabilities, internal plasma waves hinder a clear view of the transition phenomenon. But we do generally notice that at time t3 it starts and at time t4 the phenomenon ceases. It opens the way to another phenomenon: the steady state plasma regime.

3 - The steady state phenomena
As already said this regime occurs after t4 and can last a long time until t5. It can exhibit different features. For instance it can be quiescent and deliver a very stable ion beam and noiseless dense plasma. This is then a good regime but if some experimental parameters are not well adjusted it can become some how turbulent and the steady state is now quoted as bad. But it can even become worse; the steady state can disappear if no good matching care found. The good quality of the matching is not a must, only the reproducibility of the phenomenon is mandatory. Otherwise in experimental regimes all these eventualities are foreseen in a phenomenological study.

The steady state is supposed to be finished at time t5 when the RF power is switched off.

4 - The afterglow phenomenon
Such a regime is now well know and has been thoroughly studied since 10 years. It occurs only when the RF power is switched off. In this case a new kind of ECR plasma is maintained by some still confined electrons and ions. The afterglow phenomenon starts at time t6 shortly after the RF power is switched off. But it last a given time until t7. Once more it is inside time boundaries so if it is repeatedly reproducible it is again basically phenomenological.

5 - The PREGLOW (2005)

In this paper we only quoted 4 typical applications of the plasma phenomenology many others do exist. Very recently, the Grenoble ECR group discovered (once more experimentally) a very interesting phenomenon which we called PREGLOW, in contrast to the afterglow because it occurs before the steady state, but after the transitory phenomenon.
THE PREGLOW PHENOMENOLOGY

The preglow is a very short-time phenomena and at a first glance it is not even conspicuous inside an ordinary ECRIS pulse.

One has to enlarge on purpose the time scale to visualize it.

The preglow starts only when the transitory regime has completely stopped at t1. Then the avalanche generated by the secondary particle emission from the walls becomes stationary for a short while...During this interval the plasma is no longer dependant of the transitory characteristics, at that time its density can increase linearly… and reach a stable upper-level at time t2 where the plasma seems over-dense.

This upper- level maintains its value for another short while dt3 during which multi charged ions are created according to the well known stripping criteria [n.].Te where the density n, the ion life time, and the electron temperature Te, must exceed given values.

The previous temporary process is repeatedly reproducible, however it cannot be extended towards a CW operation for a simple reason, namely that a dense ECR plasma inside a magnetic bottle is basically unstable; numerous uncontrollable plasma variations can trigger irreversible turbulence 

Therefore the ECR plasma created at dt3 does automatically collapse as soon as some unavoidable density gradients or anisotropies are self –created. However instabilities due to the motion of swift electrons are also launched when the plasma density approaches or exceeds the wave cutoff condition (p ( (HF where (p is the plasma frequency directly related to the density; Under these conditions internal plasma waves are triggered yielding fast growing instabilities and this is certainly one of the basic reasons of the preglow collapse phenomena seen at time dt4. After this collapse the ion beam current reaches another steady state at t5 but it is a low level equilibrium which characterizes no longer the preglow but CW ECRIS plasmas which are the classical regime.

[image: image1.png]
THE UTILITY OF PREGLOW FAST PULSINGS

We have seen that a sharp beam increase can be followed by a sudden beam collapse, and this, in less than 0.5 msec. The complete phenomenon can therefore constitute the basis of an original short pulsation system since such swift systems are not available with externally applied electrical power variators (these power variators are generally connected to the walls of the ECRIS box or the extraction electrodes), the slow pulse reactions are then the result of the long electric time-constants (CR) and (L\R) which hinder fast power-pulsing. If one looks for shorter time-response one can consider internal plasma pulsators. The onset of plasma instabilities with strong growth rate yield then faster reactions. Typical time constants are then of the order of 1000 (p or 1000 (ce i.e. of the order of a microsecond, as seen in the preglow. Moreover, as already mentioned, multi-charged ions can be generated even without long ion life times inside a dense short duration plasma of less than a millisecond... This allows higher repetition rates which finally improve the global efficiency of the preglow method.

THE PRINCIPAL FACTORS OF THE PREGLOW PHENOMENON

Though the launching of the phenomena is due to internal variations, the phenomena are nevertheless depending on the usual external experimental parameters. Among them, let us quote: the neutral gas pressure, the injected microwave power, the shape and strength of the magnetic fields etc ... The study of our phenomena include these parameters. The observation (versus time) of the ion beam magnitude, the ion charge states... The ion beam onsets and offsets etc… are the most striking arguments; they are the basis of all preglow studies The simplest approach would then consist to optimize the beam data for given experimental parameters and then to deteriorate its characteristics by changing only one of the external parameters at once. This task looks tedious, but as the phenomenon is repeatedly reproducible, all the realm of the preglow can be experimentally investigated...After that, let us come back to some classical equations which take into account these driving factors and the phenomenological facts, first of all one has to be careful and keep in mind that these equations are only applicable during the very ephemeral steady state dt3 and later during the better known ECRIS steady state dt5. Presently it remains illusive to describe the unstable periods dt2 and dt4 with linear eqations. Fortunately the phenomenology allows us to jump simply over the difficulty and to forget it; therefore in the next chapter we will propose useful equations
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