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Abstract

The problem of spontaneous generation of magnetic fields in plasma is one of the main problems in physics.
The idea of this generation by the motion of a conducting fluid is based on the classical instability of the wave
type. The amplification of the seed field or the transformation of one field component into another occurs through
a dynamo mechanism, for example, toroidal to poloidal in a rotating ball. Superexchange in an ionized gas is
considered . In a dense low-temperature plasma, the effects of overlapping of electron shells turn out to be signif-
icant even before the overlapping stage. The overlap integrals in the expression for the energy of ions interacting
via electronic exchange reduce the latter. The decrease in energy is the greater, the closer to each other the projec-
tions of the orbital momenta of active electrons onto a fixed quantization axis. In this case, the orbital moments of
the particles, and hence the magnetic moments, are co-directed . For the first time, a mechanism has been devel-
oped for the occurrence of magnetic fields in the central regions of planets, stars and on the surface of the Sun.
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Magnetic fields are extremely common in space
plasma - stars and the interstellar medium. These fields,
together with their invariably accompanying fast parti-
cles - cosmic rays, form a kind of symbiosis, which is
recorded almost with complete certainty in all corners
of the Universe. The total energy of magnetic fields and
cosmic rays in relation to, for example, background or
cosmic microwave radiation is no more than a few per-
cent. However, magnetic fields manifest themselves
primarily in the active regions of stellar and galactic
flares; it is they that cause the transfer of energy into
cosmic rays, radio emission, anomalous optical and X-
ray radiation observed in active zones. In general, mag-
netic fields are very important in a wide variety of elec-
tromagnetic processes, which, in turn, also affect the
dynamics of gas, plasma, and stellar systems. The plan-
ets - Jupiter, Earth and some others - also have a mag-
netic field. The movement and evolution of small bod-
ies of the solar system - meteorites, comets - is also
largely associated with interplanetary and intrinsic
fields.

The solar plasma also contains a magnetic field,
and this field is concentrated in the active zones of the
Sun, reaching in solar spots of intensity on the order of
several thousand gauss. And the very manifestation of
solar activity is associated primarily with magnetic
fields. Here is what the prominent astrophysicist E. Par-
ker writes about this [1]: “If there were no magnetic
fields, the Sun would represent a classically impersonal
star, calm and quiet, and after scientists would under-
stand the nature of the internal source of energy and
would agree with the observations of theoretical calcu-
lations of neutrino radiation, the Sun would cease to be
of particular interest to them. But in reality, the surface
of the Sun is disfigured by cold spots, the fields in
which reach 3000 H , distorted by quiet prominences,
perturbed by frequent coronal mass ejections, flares and
subflares , dotted with flares, and severely disfigured
by spicules . Everywhere above the surface of the Sun,

magnetic fields exhibit the remarkable property of be-
ing spontaneously concentrated into magnetic tubes of
field lines with fields of 1500 N. Above the bipolar
magnetic regions, the power of the corona increases ...

What is the mechanism of generation of magnetic
fields in the space environment? If we refuse the relic
form of origin, in which the fields were introduced into
the plasma, as they say, initially, then it is quite difficult
to answer this question. And even if the relic hypothesis
is recognized, questions related to the interpretation of
the physical mechanism of the rapid temporal change
in magnetic fields in active regions will remain unan-
swered. Space plasma has a high conductivity, for ex-
ample, in the solar atmosphere ~10 ® ohm. m. This cir-
cumstance practically excludes the rapid introduction
of fields from the outside: in a well-conducting me-
dium, large Foucault-type currents that prevent the field
from penetrating into the plasma. The main working
hypothesis for explaining the generation of fields in
space plasma is the MHD dynamo hypothesis. Just dur-
ing movements of a complex and intricate nature, i.e.
during turbulent motions of the plasma, the magnetic
fields in it can be amplified by such motions. This is
due to the property of the so-called freezing-in of mag-
netic fields in the conducting Alfvén waves or nonlin-
ear magnetic solitons, and this property is precisely re-
lated to this property. Axisymmetric regular motions of
the medium, for example, rotation that is inhomogene-
ous along the radius of a star, cannot support or gener-
ate magnetic fields. This forbids the so-called Cowling
theorem [2]. According to modern versions of the
MHD dynamo hypothesis, the effect of amplifying
fields, starting from small seed fields, is possible with
a turbulent motion of a medium with a special property
- the helicity property [4]. The evolution of the fields is
then described by the following equation:

(2 +yk?)b=iTF x b (1)
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where bis the vmagnetic Tb yinduction T'of the

¥ - rot amplified y — field k; The helicity is non-
zero if the turbulent motions of the plasma are accom-
panied by their rotation, and the direction of rotation
must be in a certain way consistent with the direction
of the general movement of the medium, for example,
along the vertical - the direction of gravity. Spiral in
this sense are the movements of gas in cyclones or an-
ticyclones in the Earth's atmosphere. If the dynamo co-
efficient satisfies the inequality ' > vk,

then the field amplification effect takes place. Un-
der conditions of near-surface solar plasma, y~10 “cm
2fs, k~L 1~10"°cM1raeL~109cM, is the linear scale
of activity zones, , T~L/vhence we get what should be
Lv >10¥cm?/sorv >10*cm/s. But movements of
such a large scale both in terms of velocity and linear
size are not observed on the surface of the Sun. And
this, in fact, is the main difficulty in applying the MHD
theory to the Sun [1]! There are other fundamental dif-
ficulties associated with the application of this theory.
Global movements with helicity are observed on the
Sun: these are movements associated with meridional
circulation and convection. However, such motions
should lead to a wave pattern of field changes, while
magnetic fields on the Sun are concentrated in separate
tubes with dimensions L <R, where R is the radius of
the Sun. In A-type stars, in which the fields are strong,
convection, on the contrary, is suppressed. It is not clear
why regions with a strong magnetic field are noticeably
cooled, while the presence of turbulence should con-
tribute to the heating of the core due to the heat coming
by mixing from deeper layers. One gets the impression
of a certain incompatibility between magnetic fields
and turbulence. This incompatibility is reflected in the
famous Batchelor theorem [4].

Magnetically active stars appear to an external ob-
server as relatively dark spots. In reality, these regions
are tubular with relatively small diameters, and they are
"scattered" over the core in a rather chaotic manner.
Magnetic tubes resemble in their morphology domains
in a ferromagnet. On the other hand, plasma in mag-
netic tubes is not degenerate, but its parameters corre-
spond to non-ideal conditions . For example, in the
depth of a typical spot at a distance L = 10 thousand km
(at the base of the tube) temperature T = 10°degrees K,
particle concentration plasma n ~3 -10 2t cm—3[5],in
this case, the De Broglie wavelength of thermal elec-
trons is not more than several times less than the inte-
relectronic distance, i.e. Plasma is indeed not ideal in
terms of quantum parameters [2,3]. This implies the
possibility of spontaneous quantum generation of mag-
netic fields in the region of spots. Estimates of the gen-
eration efficiency are also contained there. The transi-
tion to the magnetized state should be considered in the
context of the presented theory as a phase transition to
the liquid state of plasma with simultaneous “breaking
of spontaneous symmetry”, which is accompanied by
field generation. The magnetic field “takes away” en-
ergy from the thermal background of particles, as a re-
sult, the plasma temperature decreases by a relative

value[4]
AT _ e%kp

L=~0,1-+=0.3 (2)
Tk Tk
which is consistent with the observations

We introduce quantum time, which, according to
the uncertainty relation energy - time, is determined by
the formula of the form[4]

T = hle’kpL (3)

This is the minimum time that determines the du-
ration of the local phase transformation. If the size of
the region is L , then the corresponding parameter of
the propagation velocity of the phase jump is u =
L/1~108cm/s. This value of the magnetization propa-
gation velocity in the spot also corresponds to the ob-
servational data.

The angular velocity of the Sun, due to the differ-
ential rotation, depends on latitude Q. = 3 - 107%(1-0.2
sin?p)1/c (4)

In a reference frame rotating around the Sun's axis
with an angular velocity of Q, = 3 - 107°1/s, there re-
mains a rotation occurring with the differential part of
the angular velocity AQ~sin?¢. Projection the latter to
the local vertical is proportional to sin?¢cosg.

The largest gradient of the linear velocity of rota-
tion takes place at the latitude ¢,, which corresponds
to the maximum of the function
AQcosg, ie. ¢, = arctg,/2/7= 28°,2. It is in this
zone, called the "royal" zone, that the seed field can be
generated by the MHD mechanism [5]. In turn, the seed
field in the regions belonging to the "royal" zones and
filled with non-ideal plasma causes the effect of further
self-generation of the field during a phase transfor-
mation of the ferromagnetic type [6]. Indeed, the for-
mation of sunspots begins just in the zones adjacent to
the indicated latitudes.

Here, the effect of quantum generation of mag-
netic fields on the surface of the Sun is considered in
relatively detail. However, the mechanism proposed by
us, obviously, operates in general in a nonideal plasma,
which exhibits exchange quantum properties. Conse-
quently, this mechanism is universal and operates, in
particular, in a denser plasma. Therefore, such genera-
tion can take place in the central regions of stars and
planets containing plasma in a non-ideal state. These
centers are sources of magnetic fields, the lines of force
of which, during diffusion and electromagnetic pro-
cesses, are carried out into the peripheral regions and
into the interstellar medium. In the "frozen" state, such
fields are transported by plasma further beyond the lim-
its of stellar systems. Takova brief scheme evolution
space magnetic fields .
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