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Background: Non-zonal transition

• Non-zonal transitions are known to occur in finite-beta ITG turbulence


• The turbulence transitions from low- to high-transport states once it 
becomes sufficiently electromagnetic (even in the absence of 

electromagnetic instabilities).



1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
q

0.000

0.002

0.004

0.006

0.008

0.010

0.012

Ø
e 1.05

0.89

0.104

0.87
0.8

0.9
0.93 0.88

0.86 0.5

/ 1/q2

low-transport state

high-transport state

case for prediction

IBM unstable

prediction

KBM threshold
(GS2 eigensolver)

KBM threshold
(CGYRO-DMD)

CBC STEP

Background: Non-zonal transition

Y. Zhang et al., 2026 D. Kennedy et al., 2026



Transition in MTM turbulence?

0.0

0.1

∞
a
/c

s

ky = 0.1

ky = 0.2

ky = 0.3

ky = 0.5

ky = 0.7

0.00 0.02 0.04

Øe

°1.0

°0.5

0.0

!
a
/c

s

 retainedA∥

°30 °20 °10 0 10 20 30
µ§/º

°1.00

°0.75

°0.50

°0.25

0.00

0.25

0.50

0.75

1.00

±¡

Re

Im

°30 °20 °10 0 10 20 30
µ§/º

°1.0

°0.8

°0.6

°0.4

°0.2

0.0

0.2

A
k

Re

Im



Thermal force
A. B. Hassam, 1979

Chapman-Enskog expansion 
of the electron FP equation.
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Transition in MTM turbulence?
MAST-U (EBW only)
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Poincaré plots
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Magnetic island overlap
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Magnetic island overlap
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Conclusion

• MTM turbulence exhibits a transition from low- to high-transport 
states as  is increased, accompanied by an abrupt increase in 
electromagnetic heat flux.


• The onset of the high-transport state is consistent with the overlap 
of MTM magnetic islands, suggesting magnetic stochasticity as the 
physical mechanism underlying the transport transition.

βe



Back up slides
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Transition in MTM turbulence?
MAST-U (EBW only)
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Rational surface spacing

In a flux tube:



Rechester-Rosenbluth model

W. Guttenfelder et al., 2011


