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MotivationMotivation

Investigate numerically plasma 
wave phenomena driven by GW
Diagnostic tool for indirect 
detections of GW...



Basic AssumptionsBasic Assumptions

• 1+3 orthonormal frame
• TT gauge
• Orthogonal frame
• Strong magnetic field B0= B0 ex

• + polarized GW in Minkowski space-time
• constant GW amplitude

RELATIVISTIC MHD EQS

COVARIANT FORM



GeometryGeometry

Travelling GW

Deforms rings of 
plasma particles

modifies magnetic field B1

B1 compressions propagate



Model of EquationsModel of Equations



Model of Equations IIModel of Equations II



One dimensional caseOne dimensional case
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Linear limitLinear limit
Linearize and keep First Order perturbed quantities           A=A0 + A1*exp(kz-ωt)



Numerical solution Numerical solution 

Pseudo-spectral method

Periodic boundary conditions

Advance in time in fourier space (RK4)

Non—linear part calculated in real space by
using a FFT algorithm

256 grid points 128 modes 84 modes!



Typical values of the parametersTypical values of the parameters

k0=1.16 x 10**(-7) 1/cm

∆Ζ=5.4 x 10**7 cm

T=1159420 K (=100 eV)

ρ0=10**(-14) gr/cm**3

Spitzer resistivity

v=m uth /π λD**2

kg=9k0



Numerical ExperimentNumerical Experiment



Numerical ResultsNumerical Results



Spatial SpectrumSpatial Spectrum



Temporal SpectrumTemporal Spectrum



Dominant harmonics during GWDominant harmonics during GW
@ k=kg          ω=ωGW    (ALSO @ k=ωGW/ua )

ω=ωMS

@ k=2kg       ω=2ωMS
ω=2ωMS+Ω
ω=2ωMS+2Ω

@ k=3kg ω=3ωMS
ω=3ωMS+Ω
ω=3ωMS+2Ω



Parametric Studies: electric fieldParametric Studies: electric field

Magnetic fieldMagnetic field
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Energy deposited in the plasmaEnergy deposited in the plasma
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EnergyEnergy

density density 
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Plasma EnergyPlasma Energy

Magnetic field strength

Mean energy densityMean energy density

TimeTime

energyenergy



Decay timeDecay time

Decay Decay 
time of time of 
energyenergy

Magnetic field strengthMagnetic field strength



FFuture studiesuture studies

Treat numerically the 2D problem
Include both GW polarities
Include higher order GW effects
Include inhomogeneous plasma
and magnetic field profile
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