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Abstract: Plasma density fluctuations in high βN H-mode plasmas have been studied 

on HL-2A by phase contrast imaging diagnostic (PCI). The normalized beta is up to 2.8 

in the discharge, with 1.3 MW co-current nuetral beam injection (NBI). A stationary 

edge-localized mode (ELM)-absent regime has been achieved in the HL-2A tokamak, 

with an electrostatic quasi-coherent mode (QCM). The characteristic frequency of the 

dominant instability is f ~ 40 kHz and the wavenumber is kR ~ 0.7 cm-1. The long 

wavelength QCM can stabilize background turbulence by linear mode coupling. The 

central wavenumber of background turbulence is entirely shifted and the relative 

density fluctuations of background turbulence remains stable when βN is ramping. 

Transition of k-scaling law is newly observed during the saturation phase of βN. A 

critical gradient of R/Ln ~ 50 in the internal transport barrier (ITB) region is found to 

drive turbulent instabilities, leading to transition of scaling law. Experimental results 

show that effective controlling of ITB gradient can help stabilize core turbulence, which 

is beneficial for improving beta limit. The re-transition of k-scaling law between ELMs 

is also observed and it shows a close relation to the recovering of normalized beta. 

Different from the high-frequency QCM induced linear mode coupling, low-frequency 

large-scale structures scatter the turbulence spectrum from the most unstable range to 

short wavelengths through nonlinear three-wave coupling.  
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