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Abstract

A recent analysis demonstrates that the Saturnian C ring and
essential features of the B and A rings agrees with the
plasma cosmogony approach with an accuracy of about 1% or
even better. This starts a transition of cosmogony from spe-
culation to real science. Based on the monographs by Alfvén
and Arrhenius on the evolution of the solar system a cosmo-
gonic scenario is tentatively proposed. This outlines the
evolution of an interstellar cloud and the formation of
stars surrounded by solar nebulae under the combined action
of gravitational and electromagnetic forces. Further, matter
falling in from the solar nebula towards the sun is pPro-
cessed by newly clarified electromangetic processes and a
pPlasma-planetesimal transition (PPT) occurs. Planetesimals
accrete to planets and around some of them the same process

in miniature leads to the formation of satellites. Also the
origin of comets is discussed.



1. Cosmogony in a State of Transition

During the Fall 1984 och the Winter 1985, a series of lec-

tures and discussions at the Seminars in Cosmic Plasma Phy-
sics at UC San Diego have been devoted to the evolutionary
history of the solar system. The motivation was that cosmo-

gony work reported here seems to lead to a transition from

Speculation to serious science. In part this is caused by in

situ measurements in the magnetospheres, and the realization

——

that essential parts of cosmogony should be treated as an

extrapolation of magnetospheric research. A survey of this

is given in H. Alfvén "Cosmic Plasma" (in the following re-
ferred to as CP) 1981 and in Alfvén 1984a. Further, observa-

tions of dust in interplanetary space, especially in the

pPlanetary rings, and the increased interest in comets is

producing a new field of science, "gravito-electrodynamics®

(Mendis et al., 1983). Moreover, radioc and infrared, visual
and ultraviolet observations of interstellar clouds and cir-
cumstellar discs give information on dust clouds, which are
likely to be solar systems in formation. Finally, investiga-
tions of the detailed structure of the massive Saturnian
rings have demonstrated that it is possible to reconstruct
some of the cosmgonic processes -- which probably took place
4-5 billion years ago -- with an accuracy of a few percent
(Alfvén, 1983, 1984a, 1984b). The most recent results demon-
strate that in essentially the whole ¢ ring and in important
features of the A and B rings the accuracy 1is better than

1% (Alfvén, Axnés, Brenning, Lindgvist, 1985). All this in-
dicates that cosmogony is entering a new phase.

The theoretical discussion this fall and winter was to some
extent based on the gquoted monograph (Alfvén, 1981) which

gives a survey of the "paradigm transitions" caused to a

large extent by in situ measurements in the magnetosphere
(see also Alfvén, 1984a). During the fall, Lyons and
Eil}iams (1984) published their monograph Quantitative
Aspect of Magnetospheric Physics. This is excellent, also as

a textbook in general cosmic plasma physics, and should be

—




read by all students in the field, including astrophysi-
cists.

Several of the participants in the seminars have first-hand
knowledge of space measurements, and a number of guest spea-
kers have broadened our views. Part of the discussions were
devoted to an update of Alfvén and Arrhenius, 1975, 1976
(referred to here as HAGA).

The present paper is an attempt to summarize what we be-

lieve to be the most important results of the seminars for

the construction of a cosmognic scenario (Figure 1). As we

are in a transition from speculation to science, large parts
of the scenario must be speculative. To clarify all of the
important problems would probably require the equivalence of
50-100 Ph.D. dissertations! We believe that in the present
state a scenario should be useful for locating the fields of
research which are most important for speeding up the tran-
sition. We do not claim the present scenario to be sacro-

sant, but we hope it to be a challenge to everybody to con-
struct a better one.

2. "Primeval" Plasma

The solar system, including the sun, is likely to derive

from an interstellar plasma cloud, the primeval plasma. As

the basic property of a plasma seems to be the same every-
where, studies of plasmas in the magnetospheres and solar
wind are valuable for clarifying the properties of the pri-
meval plasma. As direct visual observations often give more
of an intuitive feeling for a phenomenon than any package of
computer data, we should look at the aurora (which is a cos-
mic plasma penetrating down to the ionosphere) and at the
solar corona in order to get a general understanding of what
a plasma in cosmos is like. From this we infer that the pri-
meval interstellar plasma is penetrated by a complicated

network of electric currents which, as in the plasma we ob-

serve in our neighborhood, often produces filaments with di-
mensions from a few Larmor radii or Debye length up to
visible dimensions (see CP, especially Chapters II and

IV:8). It is highly inhomogeneous, with parameters like



density, magnetization, temperatures, and chemical
abundances varying by orders of magnitude. This means that
in some respects it is similar to the solar corona, which
has a filamentary structure, with temperatures varying from
more than 106 degrees to less than 104 degrees (in
prominences). Interstellar plasmas are usually much cooler,
and even if the average density of them is much smaller,

there may be local very dense regions.

The plasmas we are mainly interested in are the dusty plas-

mas. Some of their properties have been studied in connec-

tion with planetary rings and cometary dust tails (see, e.qg.
Mendis et al. 1983; Horanyi and Mendis 1985). Still, we are
jJust in the befinning of explaining their properties, espe-

cially when the dust content is very large.

A dusty plasma consists of electrons, ions, and dust grains

ranging in size from macro-molecules upwards. The grains are

normally electrically charged, e.g. by absorbing electrons

or through photoelectric emission. Sometimes in regions

where the kinetic temperature is low (<< 10,0000) there are

also neutral atoms and molecules.

In combination with gravitation, the electromagnetic forces

may produce interstellar clouds which are usually dusty. Be-

cause the grains have charge to mass ratios q/m which are

much smaller than the valus for electrons and ions, the for-

ces acting on dust grains differ so much from the forces ac-

ting on the plasma in general that the dust may accrete in

certain regions, eventually forming dust balls and larger

solid bidies. A scenario of this kind is discussed by Alfvén
and Carlqvist, 1978). When these have reached a certain mass

(perhaps 1023 kg) they may accrete the gaseous surrounding
so that the mass increases more rapidly and a partially ga-
seous "stellesimal" accretion occurs, similar to the plane-

tesimal accretion of planets. See the upper part of Fig. 1.



3. Sun and Solar Nebula

When the sun was produced it was probably surrounded by a

vast, almost empty region, perhaps 102 AU or larger, which

is enclosed in the rest of the "primordial" cloud out of
which the sun was formed (see HAGA 1976, Chapter 16 and CB,

—

Chapter V). This cloud may act as a cocoon, which protects

the region in which the cosmogonic processes work from pos-

sible disturbances from outside.

Cloudlets of neutral atoms, molecules and dust with low g/m

values fall in towards the Sun and are stopped when the ve-

locity of their falls reaches the "critical velocity". This

seems to account for the band structure of the solar system
{(HAGA 1976, Chapter 21).

Electric currents of the same type as observed in the auro-

£§} region transfer anqular momentum from the sun to the

dusty plasma accumulated in the bands, thus bringing the

plasma into a state of partial corotation. When this state

is reached a "plasma-planetesimal transition" (PPT) occurs.

This process is of decisive importance to the present

structure of the solar system. It can best be studied in

those regions where the planetesimals have not accreted to
bigger bodies. Such regions are the asteroidal belt (with
very low average density!) and - for the similar processes
around planets - the massive Saturnian Rings (inside the
Roche 1limit!). All these processes occur in the gravitatio-
nal field of the sun, which means that they are due to a
combined action of electromagnetic and gravitational ef-

fects.
4. Planets (and Asteroids)

Egg planetesimals formed at the PPT aggregate to jet streams

which eventually accrete to planets (see HAGA, Chapters 12

and 21). In the asteroidal belt the jet streams may be iden-
tified with some asteroidal families (HAGA, Fig. 3.4.6).



A future development of the asteroidal belt during billions
or trillions of years may result in one or several planets

in the asteroidal belt.

Gaseous planets may be formed from planetesimals like solid

planets, but when the planetesimals have reached a certain

size the gas in their surroundings is accreted in the same

way as we have discussed in Section 2 for stellesimal accre-

tion. This makes the gaseous planets intermediate between

solid planets and stars.

5. Comets

Long-period comets and meteoroids are usually considered to

be produced in the outer regions of the planetary system and

perturbed into nearly parabolic orbits by celestial mecha-

nics effects. There seems to be no decisive arguments a-
2nn Bl ECha.

gainst this view. An alternative theory using the same basic

mechanism is the following (HAGA, Chapter 19).

The solar magnetic field can only transfer angular momentum

A

out to a certain distance. The PPT outside this distance,

for example in the cocoon, results in bodies with small and
random angular momentum. Such bodies may be identified as

comets and meteroids in almost parabolic orbits. The Oort
cometary reservoir may be a residue of the cocoon. So it is

more the location where comets are formed than the mechanism
which forms them that is still in doubt. See right side of
Fig. 1.

6. Satellites

When a planet is formed and has become magnetized it can

Process a surrounding dusty plasma in the same way as the

Sun did, hence forming satellite systems. According to what

in HAGA is called the "hetegonic pronciple", the basic cos-
mogonic processes forming satellites around a magnetized

planet are the same as those forming planets around the



sun. The left part of Fig. 1 shows "satellite formation by
repetition in miniature" of the planet forming process. This
means that instead of "Sun surrounded by Sclar nebula" we
should read "Planet surrounded by a similar nebula" and in-
stead of "Plasma Planetesimal Transition" we should read

"Plasma satellitesimal transition".

7. Gravito-Electrodynamic Focussing

It is obvious that a disintegrating comet may produce a me-

teor stream, and that collisions between asteroids may re-—

sult in an asteroidal family. However, the planetesimal me-

chanism requires that the accretion of asteroids and comets

should pass a jet stream phase, which for a comet, should
look like a meteor stream (HAGA 1976, Chapter 14 and 19). In

some cases these identifications encounter quantitative dif-

ficulties. If cosmogonic meteor streams were similar to the

present ones it is not obvious how they were held together

unless the proto-jet streams of comets at cosmogonic times

were much denser than present meteor streams.

Mendis and his group have demonstrated that a collection of

charged dust grains moving in relation to a plasma constitu-

tes an electric current. Houpis and Mendis (1982) used this

to explain the formation of ringlets in the Saturnian ring

system. Generalizing this effect may give a solution for the

difficulty mentioned above. Similar currents should also

flow in other dusty plasmas, and may be essential for the
focussing of jet streams. In principle, meteor streams and
asteroidal families may be focussed by this mechanism (but
this remains to be demonstrated gquantitatively and general-
ly).

8. The Saturnian Rings

The application of the theory of the PPT allows us to intgg;

pret essential features of the Saturnian rings such as
—




Cassini's division, the Holberg minimum, and the B-C ring

limit as "cosmogonic shadow" produced at a 2:3 contraction

——y

associated with the PPT (Alfvén 1984a, 1984b). The most re-

cent results (Alfvén, Axnds, Brenning and Lindgvist, 1585)

show that practically all those features of the C ring which
are not due to resonances can be accounted for as cosmogonic
shadows with an accuracy better than 1%. Moreever, essential
features of the A and B rings seem to be due to the same me-

chanism.

Accepting the hetegonic principle we may conclude that the

Saturnian results are representative of all cosmogonic mag-

netospheres. The surprisingly high accuracy ( 1%) demonstra-

tes that at least certain parts of our scenario must be ta-
ken seriously. The fact that similar results are obtained
for the asteroidal belt gives further support for this

view.

If we accept these conclusions, the PPT must have occurred

in an extremely quiet plasma. This requires that

(a) There was no appreciable turbulence. To cosmogonies

based on turbulence this will present a difficulty.

(b) Unlike the present-day magnetospheres, cosmogonic magne-—

tospheres were not disturbed by magnetic storms or de-

formed by solar wind. This requirtes that there was

little or no solar wind impinging on the cosmogonic mag-
netospheres. If we consider a state when at least the
heliographic equatorial region of interplanetary space
was filled with dusty plasma, jet streams, etc., it is
quite reasonable that near the equatorial plane solar
perturbations could not penetrate very far from the

Sun. However, the intense heating of the Sun and the re-
gions close to the Sun which must be associated with
the formative processes are likely to cause a solar wind

(or solar gale), but this should be confined to high la-
titudes.



(c) If there are perturbations in interstellar space the

cosmogonic magnetospheres must be protected from these.

This means that the solar system in formation must be
surrounded by a cocoon. This may be identified with a

residue of the interstellar source cloud which we have
discussed already. See Section 3 and Fig. 2.

9. Discussion

This scenario has a certain degree of instrinsic consisten-

cy. The same basic process produces both the planetary sys-

tem and the satellite systems by a combination of four phe-

nomena (a) critical velocity arrest, (b) angular momentun

transfer by the auroral current system, (c) PPT, and (d) ?ES

planetesimal accretion.

None of these phenomena is yet accounted for by a theory
which satisfies sophisticated theoreticians, but there are
sem-empirical models which seem to be consistent with gquite
a few basic properties of cosmic plasmas (See CP). It may be
possible to account for comets by the same processes -

- without angular momentum transfer. The stellesimal forma-
tion of stars is basically the same as the formation of

gaseous planets.

When we have become familiar with these plasma processes it
is possible that the present structure of the solar system
will appear as a straghtforward and unavoidable result of

the properties of a "primeval" dusty plasma.

Acknowledgements

The list of speakers at the seminars included S.-I. Akasofu,
C. Kennel, L. Lyons, W. Olson, R. Torbert, E.C. Whipple.
This paper is an attempt to synthesize what the authors have
interpreted as the most important contributions. We also

wish to thank Dr P. Carlgvist for valuable criticism.



10

10. References

Alfvén, H., 1981, Cosmic Plasma, D. Reidel Pub.Co.,
Doredrecht, Holland. Referred to as CP.

Alfvén, H., 1983, Solar System History as Recorded in the
Saturnian Ring Structure, Astrophys. Space Sci. 97, 79.

Alfvén, H., 1984a, Cosmogony as an Extrapolation of
Magnetospheric Research, Space Sci. Rev. 39, 65,

Alfvén, H. and Cech, F., 1984b, Space Research and the New
Approach to the Mechanics of Fluid Media in Cosmos, ESA
SP 107, 3.

Alfvén, H. and Arrhenius, G., 1975, Structure and
Evolutionary History of the Solar System, D. Reidel
Publ. Co., Dordrecht, Holland.

Alfvén, H. and Arrhenius, G., 1976, Evolution of the Solar
System, NASA SP-345, Washington, D.C., US Government
Printing Office. Referred to as HAGA.

Alfvén, H., Axnds. I., Brenning, N. and Lindgvist, P.-A.,
1985, Electric Fields in the Cosmogonic Magnetosphere,
TRITA-EPP-85-03, Dept of Plasma Physics, The Royal
Institute of Technology, Stockholm, Sweden.

Alfvén, H. and Carlqvist, P., 1978, Interstellar Clouds and
the Formation of Stars, Astrophys. Space Sci. 55, 487.

Horanyi, M. and M,endis, D.A., 1985, Astrophys. J. (in
pPress).

Lyons, L.R. and Williams, D.J., 1984, Quantitative Aspects

of Magnetospheric Physics, D. Reidel Pub. Co.,
Dordrech, Holland.

Mendis, D.A. and Houpis, H.L.F., 1982, The Cometary
Atomosphere and Its Interaction With the Solar Wind,
Rev. of Geophys. and Space Phys. 20, 885.

Mendis, D.A., Houpis, H.L.F. and HiXl, J-R., 18589, 7.
Geophys. Res. 88, (Supplement) A929.



11.

Fig.

Fig.

Fig.

11

Figqure Captions

1 Cosmogonic Scenario as direvied in Sections 3 - 6.

2 Qualitative picture of the early state of a solar

system in formation.

Later state: Planetesimals are forming a disc in the
equatorial plane where planets are accreted. The
remnants of the solar nebula may act as a "cocoon',
protecting the forming solar system from galactic
dusturbances. During the formation large energy
quantities must be released in the sun and its close
environment. This should result in emission of solar
wind, but only at high latitudes. Near the equatorian
plane dust and gas forming planets will prevent major
perturbations from reaching the regions where the

formative processes occur.
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