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Microwave reflectometry is a widely used technique providing information on plasma density profile and drift wave turbulence in magnetic fusion devices. The RADAR modification of this diagnostics utilizing frequency or amplitude modulation of the probing wave allows separation of profile and turbulence information. In spite of been a robust method of density distribution measurements [1], in some regimes the fast frequency sweep reflectometry demonstrate huge time delay jumps which are possible to explain based upon a model of the microwave propagation along a smooth density profile to the cut off and back only supposing fast and strong modification of the density profile leading to substantial cut-off shift. Unfortunately, it is not possible to explain all the time delay jump events by such a mechanism. In [2] an alternative numerical model based upon analyses of Bragg Back Scattering (BBS) nonlinear regime was proposed to explain the effect of phase and time delay jumps. As a result of 1D numerical solution of full-wave O-mode wave equation at specific plasma parameters a possibility of strong reflection in the vicinity of BBS point had been demonstrated. The effect of the electric field enhancement between the BBS point and cut-off has been as well observed at some probing wave frequencies. An attempt of analytical treatment of the problem was undertaken in [2] as well. No derivation of strong BBS threshold or detailed evolution of the electric field was given excepted a simulation, which shows that a resonant Bragg density perturbation can act as a mirror. 

In the present paper an analytical treatment of three wave phenomena occurring in the BBS region based on equations for the amplitudes of probing and reflected waves coupled in the vicinity of the Bragg resonance (BR) due to intensive density fluctuation has resulted in simple looking expressions for the reflection and transmission coefficients. The threshold conditions for transition to this nonlinear regime of BBS relating the fluctuation amplitude, wave length and density gradient scale are derived for ordinary and extraordinary mode reflectometry. A reasonable agreement with the results of numerical modeling is shown. It is also demonstrated that the strong BBS effect at specific values of the probing wave frequency is leading to substantial enhancement of wave field in the region between the BBS point and cut off or between two BBS points (in the case of two density fluctuations possessing different wave numbers). In the later case this effect resembles the cavity formation occurring however without reflecting walls and leading to the reflected wave phase jump when the resonance conditions are fulfilled. The analytical condition for this wave trapping effect is derived and checked against the results of numerical modeling. It is shown that the analyzed nonlinear BBS phenomena may occur in the ITER scale machine at the level of turbulent density fluctuations of about 1% routinely observed in the present day tokamaks.
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