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Understanding relaxation mechanisms in far from equilibrium systems is an important 
generic problem.  Sometimes the relaxation exhibits violent behavior.  A common feature 
of such events is that there is an extended period of free energy accumulation prior to a 
sudden eruption and energy release.  Other times the relaxation is gradual.  In this 
scenario, the energy is released in a much “softer”, adiabatic way.  In the H-mode edge of 
tokamaks, giant type-I ELMs and QH-mode are examples of violent- and soft energy 
release processes, respectively.  In this paper, we relate violent and soft energy release to 
phase evolution dynamics.  Here ‘phase’ is the cross-phase between radial velocity and 
pressure perturbations [1]. 
 
We demonstrate that E ! B  shear, E!B"V governs the dynamics of the cross phase of the 
peeling-ballooning (PB)-mode-driven heat flux, and so determines the evolution from 
ELMy (edge-localized-mode) H-mode to Q (quiescent) H-mode [2].  A physics-based 
scaling of the critical E ! B  shearing rate ( E!B,cr"V ) for accessing the QH-mode is 
derived.  The transition from ELMy H-mode to QH-mode evolution is shown to follow 
from the conversion from a phase locked state to a phase slip state. If  E!B"V < E!B,cr"V , 
the cross phase of the PB heat flux is locked to a fixed value, so hence PB modes are 
continuously pumped.  In this scenario, PB mode excitation leads to bursts, which 
correspond to an ELMy H-mode state.  If E!B"V > E!B,cr"V , the PB heat flux becomes 
episodic and relaxation is limited to the short duration of phase slips.  In this scenario, the 
periodic phase slips resemble coherent MHD oscillations in the edge region, and the 
thermal energy released is limited, so a QH-mode-like state is induced.  A stronger E ! B  
shearing implies a higher phase slip frequency.  This finding predicts a new state of cross 
phase dynamics and shows a new way to understand the physics mechanism for ELMy to 
QH-mode evolution.  The broader implications for coupled mode turbulence will be 
discussed.  Simulation tests will be proposed. 
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