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Selfconsistent profile of pressure and peaking of density profile
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It is well known that in the range of temperatures, typical to a fusion reactor, the energy yield of fusion reactions is proportional to the squared plasma pressure P2, where P=Pe+Pi=Tene+Tini, n and T are the plasma density and temperature correspondingly. The main plasma heating in the tokamak reactor will be realized by the energy transfer from α-particles, therefore to increase the energy gain of the reactor, it is important to have the very high density in the main confinement zone, i.e. in the central plasma core. 

In the most of ITER discharge scenarios the density profile is assumed to be flat. It means the practically constant density from the centre to the pedestal region. However, recently appears a number of experimental, theoretical and computational works, which are based on the results from modern tokamaks (JET, ASDEX Upgrade, TCV), and supposed that the density profile in ITER will be peaked. Unfortunately, in these works the problem of density profile formation is considered too one-sidedly, they analyze the process of ionization and particle transport to the core separately from the physic of the heat transport. 

Authors of the presented paper propose another approach, which allows us to consider the mechanism of particle and heat transport jointly. The proposed approach is based on the experiments, which show that the normalized plasma pressure profile PN is conserved over the whole plasma cross section (leaving out only regions of transport barriers) in all operating regimes in tokamaks. The T-10 experiments have shown that the PN profile for the electron component is conserved in a wide range of densities (up to the Greenwald limit) and currents (up to qa ( 2 and disruptive instability). Also it takes place for on-axis and off-axis ECRH, so for different current distributions. Based on these experiments, we may propose the similarity scaling for the electron pressure profiles in various regimes at circular tokamaks. Additionally, analysis of the ITER database [1] has shown that the total pressure profile in the plasma with non-circular cross section is also conserved. 

The conservation of PN(r) in the reactor tokamak means that peaking of temperature profile leads to flattening of density profile and vice versa. Simultaneous formation of peaked profiles of temperature and density apparently is possible only in regimes with internal transport barriers.
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