The helicity barrier

Heating and turbulence with imbalance




Model

FLR-MHD - low-/3 gyrokinetics without electron physics
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Model

Invariants
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FLR effects strongly modify cascade atk, p; < 1



Violation of the zeroth law of turbulence
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Parallel dissipation matters - “breaks” gyrokinetics
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Observational Evidence

Magnetic spectra - transition range
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e.g., Leamon+ 1998, Smith+ 2006, Sahraoui+ 2009,
Alexandrova+ 2013, Kiyani+ 2015, Bruno+ 2014, Vech+ 2018,
Bowen+2020, Zhao+ 2020, Duan+ 2021, Huang+ 2021

Previous theories, e.g., Schekochihin+ 2009,
Sahraoui+ 2010, Meyrand+ 2010, Lion+2010,
Voitenko+ 2016, Mallet+ 2017
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Physically: spectrum re-flattens because the
balanced KAW cascade leaks through the
barrier.
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Observational Evidence

Magnetic spectra - transition range
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Observational Evidence

Magnetic spectra - helicity
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Observational Evidence

Distribution function

Helios 0.3AU (Marsch+ 1982)

WIND (He+ 2015)

(s/w) B
0G100L 0SS O 0SH0LBSL—

PSP (Bowen+ 2021)

-100
-200

Beam: velocity ~ 1.2 — 1.5v,
direction matches AW direction (He+ 2015b)



