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I. INTRODUCTION

Recently, two works [START_REF] Zanca | A unified model of density limit in fusion plasmas[END_REF][START_REF] Zanca | A power-balance model of the density limit in fusion plasmas: application to the L-mode tokamak[END_REF] revisited the density limit (DL) in magnetic confinement as a radiative one due to impurities, by dealing with a power-balance model using a more accurate set of equations than previous works. The analysis was transversal to the main magnetic configurations, the tokamak, the RFP, and the stellarator. In accordance with experiments, the predicted DL is the same for the ohmic L-mode tokamak and for the reversed field pinch. In agreement with the results of seven devices, in the L-mode tokamak the DL dependence on any additional heating approximately follows a 0.5 power law. The prediction for the stellarator was found to agree with experimental results, and this agreement was further confirmed by recent W7-X results [START_REF] Fuchert | Density related operational limit in the limiter phase of Wendelstein 7-X[END_REF][START_REF] Fuchert | Global energy confinement in the initial limiter configuration of Wendelstein 7-X[END_REF]. The justification for discarding any power dependence in the DL empirical scaling of the tokamak (pure Greenwald scaling) [START_REF] Greenwald | Density limits in toroidal plasmas[END_REF] was shown to be cluttered with methodological errors (section 5 of [START_REF] Zanca | A power-balance model of the density limit in fusion plasmas: application to the L-mode tokamak[END_REF]).

Since the density limit is due to impurities, one may try and push this limit toward higher values by increasing the plasma purity. For tokamaks, the passage to tungsten walls and producing divertor detachment at high densities is already an important step in this respect [START_REF] Huber | Impact of the ITER-like wall on divertor detachment and on the density limit in the JET tokamak[END_REF]. Improving the start-up of the discharge might bring a new strong benefit. This is suggested by the higher density limit in stellarators when the start-up is performed by using high power ECR [START_REF] Klinger | Overview of first Wendelstein 7-X high performance operation[END_REF][START_REF] Wolf | Performance of Wendelstein 7-X stellarator plasmas during the first divertor operation phase[END_REF]. This higher limit might be not intrinsic to the stellarator, but only to its mode of plasma breakdown: the massive use of ECR with high neutral density. In contrast, till now, in the tokamak ECR was used at low power for assisting ohmic start-up.

The following short sections successively address stellarator discharge start-up, some unpleasant aspects of ohmic tokamak start-up, and an experimental proposal suggesting a progressive parallel increase of neutral density and ECR power for plasma breakdown in tokamaks equipped with a high ECR power.

II. STELLARATOR START-UP

In stellarators, the plasma breakdown is generally performed with waves, often ECR ones. In W7-X, after an initial phase where ECR start-up was performed at low neutral density and low ECR power, they went to high values of these quantities reaching plasma densities above 10 20 m -3 with almost fully absorbed 6 MW ECR heating power (see section 3 of [START_REF] Klinger | Overview of first Wendelstein 7-X high performance operation[END_REF]). This came with several benefits: (i) an efficient heating of ions by the electrons, leading to almost thermal equilibration; (ii) a fully detached divertor and a drop of the power load on the divertor targets. These high densities were reached thanks to boronization. Then, "low-Z impurities in the plasma were significantly reduced, resulting in a profound effect on increasing the density limit (at a given heating power). The critical density increased by about a factor of 3, corresponding to a decrease in the low-Z impurity concentration by factors between 5 and 10. At a heating power of 5 MW, this meant that the line-averaged densities of 10 20 m -3 became accessible" (bottom of page 7 of [START_REF] Wolf | Performance of Wendelstein 7-X stellarator plasmas during the first divertor operation phase[END_REF]). It is remarkable that in 100 ms of 2 MW ECRH injection, a density of 2 10 19 m -3 (an order of magnitude higher than in tokamak breakdown) is reached with a single gas puff, right before injecting waves; then 10 20 m -3 is reached by increasing ECRH power to 4 MW without any further gas puffing [10].

III. UNPLEASANT ASPECTS OF OHMIC TOKAMAK START-UP

The current ramp-up in tokamak discharges starts in a low temperature high resistivity plasma. This produces a high ohmic dissipation during the current rise. Furthermore, the plasma breakdown is usually performed at a density much lower than the one targeted during the current plateau. The high ohmic power and the low density conspire to produce later on a high temperature plasma.

Close to the wall, there are hot plasma zones directly linked to the magnetic separatrices (see fig. 10 of [START_REF] Yoo | Evidence of a turbulent ExB mixing avalanche mechanism of gas breakdown in strongly magnetized systems[END_REF]). The plasma interacts strongly with the walls, because of ExB drifts and secondarily because magnetic field lines are open [START_REF] Yoo | Evidence of a turbulent ExB mixing avalanche mechanism of gas breakdown in strongly magnetized systems[END_REF]. This direct interaction with the walls lasts till the formation of closed magnetic surfaces and produces a lot of impurities. The latter radiate and sometimes can limit the temperature and the current ramp-rate so that the discharge fails [START_REF] Mueller | The physics of tokamak start-up[END_REF]. In order to facilitate burn-through, various techniques have been employed: wall conditioning, high temperature bakeout, helium glow discharge cleaning, boronization or lithium coatings, etc A temperature quench during the start-up is the signature of a density limit [START_REF] Zanca | A unified model of density limit in fusion plasmas[END_REF][START_REF] Zanca | A power-balance model of the density limit in fusion plasmas: application to the L-mode tokamak[END_REF]. If this limit is on the low side, there is a vicious circle: (i) there is no screening of the wall by neutrals and a high temperature favorable to sputtering; (ii) no plasma detachment from the walls can occur, and even no help to decrease the heat and particle loads leading to sputtering. Therefore, a high level of impurities is maintained, leading to the usual Greenwald-like density limit at flat top. A high level of impurities is even more maintained, whenever they accumulate in the plasma center. Furthermore, the impurities produce a cold and radiating edge, which limit the radius of the burn through bore with the risk of a Kruskal-Shafranov instability and of a disruption during current ramp-up. This forces the latter to be slow.

To the contrary, a high density limit would trigger a virtuous circle: with a high plasma density, the walls would be screened by neutrals and temperature might be kept low during current ramp-up, up to the formation of closed magnetic surfaces. This would produce few impurities, maintaining a high density limit, and would ease current penetration, enabling a faster current ramp-up. When closed magnetic surfaces would form, heat and particle loads leading to sputtering would be low, and even plasma detachment from the walls could occur. Again, this would produce few impurities, keeping a high density limit.

The above vicious and virtuous circles show that a plasma-wall self-organization (PWSO) is at work. Unfortunately, usual tokamak operation is trapped into a bad basin of PWSO. As yet, PWSO leads to better basins of operation in stellarators, with a higher density limit than in pinches [START_REF] Zanca | A unified model of density limit in fusion plasmas[END_REF]. On top of the basin described in the previous section, there is even a better one: the highest performance is achieved in W7-X with pellet fueling [START_REF] Klinger | Overview of first Wendelstein 7-X high performance operation[END_REF]. This fueling sets operation in a basin disconnected from the traditional one where fueling is coupled to the edge neutral density.

IV. EXPERIMENTAL PROPOSAL

In the tokamak, till now, for assisting ohmic start-up by easing breakdown and increasing the power available to burn through impurity radiation, ECR was used at low power, and with densities an order of magnitude lower than those reached during the flat top. The general motivation for this procedure was the difficulty for fully superconducting tokamaks to produce the high loop voltages necessary for breakdown. However, a more strongly ECR assisted ohmic start-up might alleviate the unpleasant constraints of ohmic start-up (low density, slow ramp up) leading to strong impurity production. Indeed, fortunately, ECR assisted start-up was not acrobatic at all. Therefore, there are margins for using higher powers with higher initial neutral densities, possibly similar to those in the recent experiments in W7-X quoted above. This could be checked by increasing progressively these two quantities in tokamaks equipped with a high ECR power. Several tokamaks have an available ECR power much higher than that necessary for an assisted ohmic start-up. For instance, TCV has an installed ECR power of 4.5 MW, while only 0.4 MW were used to start the plasma and sustain the plasma current (section 3.3 of [START_REF] Coda | Physics research on the TCV tokamak facility: from conventional to alternative scenarios and beyond[END_REF]). This tokamak and other middle size ones might try a higher power assisted breakdown scenario, without suffering from bad consequences of possible disruptions during the experiments.

In contrast to the stellarator, closed magnetic surfaces are not present during a large part of the plasma start-up in a tokamak. However, a higher neutral density might decrease plasma temperature and increase the shielding of the wall from the plasma. This shielding would be reinforced with respect to the pure ohmic start-up, since the plasma would be produced far from the walls close to the EC resonant layer (in reality at he upper hybrid layer [START_REF] Podestà | Plasma production by low-field side injection of electron cyclotron waves in a simple magnetized torus[END_REF][START_REF] Podestà | Experimental characterization and modelling of the particle source in an Electron-Cyclotron wave driven toroidal plasma[END_REF]). This should decrease the production of impurities before the formation of closed magnetic surfaces. However, for machines with carbon walls, it would be advisable to perform boronization or a similar wall conditioning to avoid chemical sputtering. As quoted above, this was crucial for the above quoted good W7-X results, even though good magnetic flux surfaces are present from the outset in the machine.

Other benefits might result from this new scenario: (i) saving more volt-seconds than in the traditional ECR assisted breakdown, since the current plateau density would be reached right away; (ii) reaching divertor detachment earlier, in particular because one would avoid the hollow neutral density profile coming with gas puffing [START_REF] Huber | Impact of the ITER-like wall on divertor detachment and on the density limit in the JET tokamak[END_REF]; (iii) reaching the 10 21 m -3 density desirable to protect ITER divertor (section 3 of [START_REF] Stangeby | The roles of power loss and momentum-pressure loss in causing particle-detachment in tokamak divertors: I. A heuristic model analysis[END_REF]) without seeding impurities; (iv) fulfilling more easily Lawson criterion. Other benefits might come like an easier transition to H mode, taming some instabilities, a less crucial divertor design, etc...

V. CONCLUSION

These ideas were discussed with people mentioned in the acknowledgments. More comments are welcome. Beyond the above experimental proposal, this document might be an incentive to study more thoroughly the start-up phase in tokamaks. Indeed, as stated in [START_REF] Mueller | The physics of tokamak start-up[END_REF], "In general, the start-up phase of discharges gets attention only when there is a failure". Start-up is poorly diagnosed, it is largely empirical for each device, and few papers are devoted to it. However, flat top fusion plasmas are like human beings: they are strongly defined by genetics and education. In order to better understand them, their baby and teenager states should be studied... Evolution eased the interaction of birds and of cetaceans with their fluid environment by the development of feathers and of an intelligent skin. On the technological side, a similar evolution occurred with the development of ultra-fast and silent torpedoes bathed in supercavitation bubbles. More pacific, though unconscious, a similar evolution is in progress in the tokamak. Indeed, motivated by the management of tritium inventory, the dreaded, but finally marvelous passage to tungsten occurred. It enabled the production of detached plasmas at high density because they are cleaner. More studies about start-up might suggest new steps in establishing peaceful relations between the walls of tokamaks and their thermonuclear plasma environment.
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