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Correspondence with (magnetohydrodynamic) turbulence

Roper Pol et al. (2020)

peak

GW peak 
shifted x2 GW slope by k2 steeper

Peak at twice magnetic peak

• Spectral energy per linear 
wavenumber interval

• WGW(lnk)=kEGW

• Forward cascade k-5/3

• Relation between spectra:

Gravitatione Wats (GWs)
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Inaccuracy of “usual” 3rd order Runge-Kutta



Alternative: exact solution for constant source between time steps

Consider:

Solve as 2 first-order eqs

General solution:



Dependence of accuracy on time step: only 1st order



Allowing linear variations between time steps
Taylor expand: Modified update involving dS

Additional update to make it 2nd order:

→ Error decreases quadratically with 
decreasing  time step dt  

→ At no additional cost



No small scales in GW field



Temporal spectra and real space GW field

Here finite graviton mass

He, AB, Sinha (2021)

Lower cutoff frequency

Cutoff dominates visual 
appearence

Again mostly large scales




