
Twisting Space-Time in relativistic plasma 
 

Z. Yoshida, S. M. Mahajana 
 

Graduate School of Frontier Sciences, University of Tokyo, Japan 
a Institute for Fusion Studies, University of Texas at Austin, USA 

 
yoshida@k.u-tokyo.ac.jp 

 
The origin of cosmic magnetic field (or any kind of vorticity) is one of the 
challenging unsolved problems of theoretical physics. In particular, isolating 
processes that might create seed magnetic field, which the so-called dynamo 
mechanism could greatly amplify, constitutes a major quest in astrophysical plasma 
research. The fact that the circulation must vanish for every ideal force (including the 
thermodynamic force as long as entropy is conserved) forbids the emergence of 
vorticity (or an axial vector field) in any “ideal” leading order model. Invoking 
non-ideal effects has been the only known recourse to change the vortical state of a 
fluid. In this practice, however, we demonstrate that a purely ideal mechanism, 
originating in the space-time distortion caused by the demands of special relativity, 
can break the offending topological constraint. 

The key step of the formulation is finding the relativistic vorticity that conserves in 
Minkowski space. In terms of the relativistic canonical momentum 𝑃 = [𝑚∗𝑐𝑈𝜇 +
[𝑚∗𝑐𝑈𝜇 + 𝑞𝑐−1 𝐴𝜇]  d𝑥μ  (𝑚∗𝑐2 = ℎ  is the molar enthalpy, 𝑈𝜇 = d𝑥𝜇/d𝑠  is the 
4-velocity, s is the proper time, 𝑞 is the charge, and 𝐴𝜇 is the EM potential), we 
define the relativistic vorticity 𝑀 = d𝑃. The relativistic equation of motion is written 
as 𝐿𝑈𝑃 = dℎ − 𝑇d𝑆. In a barotropic plasma, 𝑇d𝑆 is an exact form, thus we have a 
relativistic circulation theorem  Projecting the relativistic circulation onto a reference 
frame, we find a new baroclinic term including the gradient of γ, reflecting the 
distortion of space-time. Vorticity, then, may be generated through an interaction 
between the inhomogeneous flow fields and inhomogeneous entropy [1]. The new 
mechanism, a relativistic baroclinic effect, is universal, and can provide a finite seed 
at a large scale [2]. 
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