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Why bother decomposing MHD disturbances?
● Key to understanding the evolution of stars and fusion reactors

● MHD waves have long been deemed crucial in coronal heating, and potentially igniting 
reconnection

● MHD modes have different qualities with implications for wave-energy transport.

● Intricately coupled and extremely complicated to tease out

● We often need decomposition to analyze data
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The need for an exact decomposition method

All previous decomposition methods

● Are inexact

● Are only vaguely reliable in extreme plasma-beta regimes

● Use only a part of the available information

● Are extremely laborious and time-consuming

Long story short, w
e need a new plan!
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MHD Equations

Quasi-linear representation
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Field divergence Entropy Alfvén Slow Fast

The eigensystem of ideal-MHD equations
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The Eigenenergy Decomposition Method (EEDM)
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The Eigenenergy Decomposition Method (EEDM)
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Evolution of the Eigenenergies

Raboonik et. al. 2024B (Equations 3)
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Mode-decomposed energy

Eigenenergy initial conditions:

Pre-decomposition Post-decomposition



Simulation Ia:
High-beta case (        ) 

Driver: torsional Alfven wave

Background field:



Raboonik et. al. 2024a
Pseudo-advective modes

shrunk/DDTEnergy_plane_xz_ny95_highBeta.mp4


Raboonik et. al. 2024a
Pseudo-advective modes

shrunk/Energy_plane_xz_ny95_highBeta.mp4


Simulation Ib:
Low-beta case (           ) 

Background field



Raboonik et. al. 2024a
Pseudo-advective modes

shrunk/Energy_plane_xz_ny95_lowBeta.mp4


Simulation II:
3D wave-null interaction

Driver:

Galsgaard et. al. (2003)



Raboonik et. al. 2024a

shrunk/EnergyTot_ny192_Galsgaard.mp4


Raboonik et. al. 2024a

1.22 "
 

shrunk/Energy1D_nx212_ny192_Galsgaard.mp4
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Conclusion

● Is exact and analytical

● Applies to linear and non-linear disturbances across the entire plasma-beta spectrum

● Offers a unique definition and identification of the ideal-MHD modes

● Uses all the available information on plasma evolution

● Offers precise energy measurements 

● Detects mode conversion

● Is easy to apply both for analytical and simulation studies and the entire process can 
be automated for data analysis (stay tuned, the parallelized source code will be 
released on my GitHub)

The EEDM



Email: raboonik@gmail.com    ; GitHub: raboonik

mailto:raboonik@gmail.com
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