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Alfvén waves
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Alfvén waves: Prediction by H. Alfvén 1942 (Nobel prize 1970)
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Many experiments in liquid 

metal and plasma

S. Lundquist, Nature 164, 146 (1949)

B. Lehnert, Phys.Rev.  94 (1954), 815

A. Jameson, J. Fluid Mech. 19 (1964), 513

K. Iwai et al, Magnetohydrodynamics 39, 

245 (2003)

T. Alboussiere et al., Phys. Fluids 23

(2011), 096601

Z. Tigrine et al., Geophys. J. Int. 219, S83 

(2019)

S. Lalloz et al., arXiv: 2405.04276

W. Gekelman et al., Phys. Plasmas 18

(2011), 055501

éand quite a number of 

talks at this conference!

Alfvén waves: Prediction by H. Alfvén 1942 (Nobel prize 1970)
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An underexplored aspect of Alfvén wavesé

éis related to the heating of the solar corona which relies on transformation

of sound waves into Alfvén waves via parametric resonance, or swing 

excitation (at  a point where sound speed = Alfvén speed, or plasmab~1 )   

Grant et al., Nature Phys. 14 (2018), 480;

Srivastava et al., Sci. Rep. 7 (2017), 43147

T. Zaqarashvili, ApJ 552 (2001) L81 
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Alfvén wave experiments at High Magnetic Field Lab at HZDR 

jxB excitation of torsional Alfvén waves in B up to 63 T

For liquid Rubidium (dangerous!!!) we

obtain Sound speed = Alfvén speed

(plasmab=1) at B=54 T
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Alfvén wave experiments at High Magnetic Field Lab at HZDR 
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Some rough estimates:

Å Excitation current: 5 A, 8 kHz CW

Å Current density: ~ 100 kA/m2

Å Azimuthal acceleration: j B/r~ 3000 

m/s2

Å Flow velocity: ~a T/2 ~ 20 cm/s

Å Induced voltage: ~vBr~50 mV    

CW excitation: Voltage over bottom contact

F.S. et al, Phys. Rev. Lett. 127 

(2021), 275001
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CW excitation: Voltage over bottom contact

Å Gabor transform (short time 

Fourier) with von Hann 

window 5 ms

Å PSD of 8 kHz stripe is very 

smooth and roughly ~ B2

Å PSD of 4 kHz stripe 

appears only for B=54 T 

(and larger)
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CW excitation: Dependence on magnetic field

Voltage over bottom contact

(indicative of Alfvén wave):

PSDôs for 8 kHz and 4 kHz

Voltage at pick-up coil 2

(indicative of magnetosonic waves):

PSDósfor n*4 kHz

Period doubling due to

parametric resonance

(swing excitation)!!!
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First simulations of parametric resonance at b=1 

G. Mamatsashvili et al., 

in preparation

Density

Velocity

Magnetic 
field

T. Zaqarashvili, ApJ

552 (2001) L81 
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Convection
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Convection at small Prandtl numbers 

Turbulent superstructures in shallow geometry 

Jump rope vortex, 

detected first iné

éturns out to be a 

universal feature

Vogt et al., PNAS 

115, 12674 (2018)

New experiment

withG=25

Akashi et al., J. Fluid 

Mech. 932, A27 (2022)
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Convection at small Prandtl numbers

Collaps of large-scale coherent flow in tall geometry 

Application of

Contactless

Inductive Flow 

Tomography for flow

reconstruction

Chaotic

transitions

between single, 

double, and

triple rolls

Helicity oscillations (with nearly no energy change) for

Double Roll Structure und Single Roll Structure

R. Mitra et al., Phys. Fluids 36, 066611(2024)

T. Wondrak et al., 

J. Fluid Mech. 

974, A48 (2023)
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Goal: resonant excitation of the helicity of the sloshing m=1 mode (single

roll structure) by a tide-like (m=2) electromagnetic force

Helicity synchronization in a Rayleigh -Bénard flow

12.5 A 27.5 A

Synchronization

of helicity

Helicity

synchro-

nization

Jüstel et al., Phys. Fluids 34, 104115 (2022)
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(The many facets of )

magnetorotational

instability

(MRI)
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MRI in the Sun?

G. Mamatsashvili, 

F.S., R. Hollerbach, 

G. Rüdiger, Phys. 

Rev. Fluids 4 

(2019), 103905  

G.M. Vasil et al., 

Nature 628, 769 

(2024)

D. Kagan, G.C. Wheeler, 

ApJ 782, 21 (2014)
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HMRI AMRI

SMRI

Wout < Win

Bj~ Bz

m=0

Wout < Win

Bj<< Bz

m=0

Wout < Win

Bj>> Bz

m=1

Super -HMRI

Wout >Win

Bj~ Bz

m=0

A quick guide through the MRI-zoo
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2006: HMRI

Helical MRI, Azimuthal MRI, Tayler instability (TI) at HZDR 

F.S. et al., PRL 97 (2006), 184502; 

PRE 80 (2009), 066303

2014: AMRI Seilmayer et al., PRL113 (2014), 024505

2012: TI

Seilmayer et al., 

PRL 108 (2012),  

244501
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Example 1: Increase of the ratio

m=Wout/Win

Observed MRI is indeed an 

absolute (global) instability, and not 

only a convective one

Stefani et al., Phys. Rev. E 80 (2009), 066303

PROMISE: Selected results for HMRI
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Example 2: Increase of axial 

current (i.e. of the ratiob=Bj/Bz)

Stefani et al., Phys. Rev. E 80 (2009), 066303

PROMISE: Selected results for HMRI

Again, observed MRI is indeed an 

absolute (global) instability, and not 

only a convective one
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AMRI: m=1 mode under influence of (pure, or dominant) Bj

Very important: Simulation of real geometry (V. Galindo)

M. Seilmayer et al., PRL113 (2014), 024505
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Experiment with changing radial heat flux

T2>T1 T1>T2

New results for AMRI+Convection : ĂOne-winged butterfliesñ

Ha

Simulation

Seilmayer et al., Magnetohydrodynamics 56 (2020), 225; Mishra et al., J. Fluid Mech. (in press) 
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Design of the planned

MRI/TI-experiment Mishra et al., Phys. Rev. Fluids 7 

(2022), 064802 

Main goal: follow the monotonic

transition from HMRI to SMRI for

decreasingb=Bj/Bz

Planned experiment for SMRI, HMRI, AMRI, Super-HMRI and TI
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Saturation of MRI via 

magnetic reconnection

Preparations of MRI experiment: nonlinear simulations for m=0

A. Mishra et al, Phys. Rev. 

Fluids 8, 083902 (2023)


