ON THE ORIGIN OF COSMIC MAGNETIC FIELDS

T. TAJIMA and K. SHIBATA

Department of Physics and Institute for Fusion Studies

The University of Texas at Austin, Austin, TX 78712 and
Department of Earth Sciences, Aichi University of Education
Kariya, Aichi 448, Japan

ABSTRACT. In the past investigations of cosmological magnetic fields,
Harrison (1970) assumed primordial turbulence with nonzero vorticity.
More recently this idea lost favor with most cosmologists, primarily
because vortices decay during the cosmic expansion (Rees, 1987). In
contrast to these works we resort to no assumption as for the primordial
condition but for the thermal equilibrium in the following. A plasma
with temperature T in the early universe sustains fluctuations of elec-
tromagnetic fields and density even if it is in a thermal equilibrium.
The level of fluctuations in the plasma for a given wavelength of elec-
tromagnetic fields, for example, can be rigorously computed by the
fluctuation-dissipation theorem (Geary et al. 1986; Kubo 1957; Sitenko
1967). In particular, without assuming any turbulence we show that very
low (or ~ zero) frequency magnetic fluctuations can also be excited and
the level of these is computed
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where summation on k is over all the available wavenumbers V the volume
of the Universe, and w, the plasma frequency (4we2n/nqyjz. The level of
fluctuation(Eﬁ)/gﬂlf is given approximately by the equipartition value
of T/2 for k<w_/c and much less than that for k>w_/c. These fields at
the early radiation epoch t=10°sec (we call the radiation epoch in
which the radiation effects dominate that of gravity in the universe as
the plasma epoch: te1072 - 1013 sec) can act as seed fields and can
evolve during the plasma epoch. The result is shown in Fig. 1. We show
that magnetic fields with the size of A<108cm can be amplified by the

dynamo effect and that the field strength corresponding to this size is
greater than 10-19Gauss.

531

R. Beck et al. (eds.), Galactic and Intergalactic Magnetic Fields, 531-532.
© 1990 IAU. Printed in the Netherlands.

https://doi.org/10.1017/50074180900191077 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900191077

532

Geary, J., Tajima, T., Leboeuf, J.-N., Zaidman, E.G., and Han, J.R.,
(1986) Comp. Phys. Comm. 42, 313.

Harrison, E.R. (1970) M.N.R.AS. 147, 279.

Kubo, R. (1957) J. Phys. Soc. Jpn. 12, 570.

Rees, M. (1987) Q.J.R. Astr. Soc. 28, 197.

Sitenko, A.G. (1967) 'Electromagnetic Fluctuations in Plasmas'
(Academic Press, New York).

xp=c/wp
(z=10'9)

f 10*op
Bp=B(A=xp)ax Ap"s

(Gauss) .
B auss, « (£ ) ",‘
Qo
-20
10 ““F
(By)=r">2
10730
10740 L ! N
1071 [ 10' 1020
Alecm) —=

B\=X"2T'2 ot T=10% 10® 10"k
N a \-\,
Bx’-qp /o(q(a_o) 4)

Xpu n"’! - 03’2 - '3/4'

Figure 1. Magnetic fluctuations B) as a function of the wavelength A.
The upper right side of the broken line is the domain of meaningful

magnetic field pressure.
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