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The fluctuation-dissipation theorem

¢ The [classical] fluctuation-dissipation theorem (FDT) relates
linear response functions and temporal [equilibrium] fluctuations.
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¢ Relativistic Cosmology; non-equilibrium thermodynamics

e self containing blob of magnetic field and plasma?

e origin of cosmic magnetic fields? seed for galaxy formation?
¢ time and space scales appropriated?

e dissipation of energy and helicity; different time scales

* vortices may survive long enough?

e stationary solution?
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vortices in plasmas

Oliveira, Samuel R. and Toshiki Tajima.
"Generalized relaxation theory and vortices in plasmas."
Physical Review E 52.4 (1995): 4287.

¢ a generalization of the relaxation theory based on the canonical
momentum of each species fluid in a multicomponent plasma.
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e generalized helicity, as a topological quantity, has a lifetime
larger than the lifetime of the energy.

e a simple variational principle that suggests the existence of
vortex structures.

* localized solutions, assuming the existence of a separatrix.

¢ Two-dimensional and three-dimensional solutions for an
electron-positron-proton plasma.

* |deal magnetohydrodynamic three-dimensional localized
vortices.

¢ Possible cosmological implications are discussed.
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Learning from Tajima

* "long" meetings at his office for
paper and pencil estimates - almost almost 24Kk citations
every thing by heart 29 papers, patents or
e tons of previous articles and talks in 2017

references open to collaboration
e numerical computation - enormous theory, experiment and
FORTRAN code applications

¢ strong physics intuition
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Further challenges

Gravitational Waves
A few answers and several new puzzles

Primordial ...
Black holes, magnetic fields, dark matter
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Happy 70th birthday

HAPPY BIRTHDAY and

CONGRATULATIONS for all the achievements so far.
Cheers,

Sam
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