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  Nonlinear dynamics of pedestal 

turbulence and ELMs  
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 The BOUT++ simulations show that 

the electromagnetic fluctuations are 

localized inside the magnetic 

separatrix   

 

 The fluctuations cause particle and 

heat to be turbulently transported 

down their gradients into the SOL, 

which then flow into the divertor 

with a rapid relaxation of parallel 

transport.  

BOUT++ reproduces  the magnitude and scaling of the 

divertor heat load width lq with ITPA multi-tokamak database 

Scaling law: 𝝀𝒒= 𝟎. 𝟔𝟑 ± 𝟎. 𝟎𝟖 × 𝑩𝑷
−𝟏.𝟏𝟗±𝟎.𝟎𝟖 
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BOUT++ simulations show similar evolution of Quasi-Coherent Fluctuations in ELMy H-mode  

as C-Mod magnetic probe and reflectometer measurements 
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BOUT++ 

f~300-400kHz  

kq ∼ 0.7 cm−1  

BOUT++ 

C-Mod 

C-Mod 

kq ∼ 0.7 cm−1 → kqrs=0.04 

The BOUT++ simulation 

results show that  QCFs  

• are localized in the 

pedestal region with 

f≈300−400kHz & 

kq≈0.7/cm,  

 

• propagate in the 

electron diamagnetic 

direction in the 

laboratory frame 

 

• GPI spectral analysis 

indicates that the QCF 

is radially localized in 

pedestal region as 

BOUT++ 

The quasi-coherent fluctuations (QCFs) are associated with the saturation of the pedestal 

between ELMs during ELMy H-mode discharges on C-Mod, DIII-D, Asdex-Upgrade, and JET.  



  

For QH-mode plasmas without an ELM, Er shear modifies the PB stability 

boundary, leading to the transition from broadband turb. to EHO 
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Time (x1000tA) 

A reminiscent of the DIII-D ExB flow experiments, where a transition can be made from EHO to a 

regime with broadband turbulence, leading to a reduced pedestal pressure gradient, allowing the 

development of a broader and thus higher transport barrier in QH mode without ELMs. 

• No flow  broadband  

turbulence 

 

• Shear flow  narrower 

mode spectrum with 

dominant mode (n ~3) 

No flow With flow 
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