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It is now widely accepted that our solar system, a t  the solar nebula stage of its evolution, could be best 
described as Keplerian accretion disk (AD). In ADS, it is usually assumed that the turbulent viscosity is 
solely responsible for the outward transport of angular momentum and inward mass accretion. In addition 
to  turbulence, a magnetic field embedded in a AD may also transport angular momentum. In a typical AD, 
the timescale for magnetic field dissipation is orders of magnitude smaller that the typical disk lifetime, so 
for a magnetic field to persist long enough to  be dynamically or otherwise important it must be regenerated 
by a dynamo cycle. It has been shown [I] that such a dynamo-generated magnetic field is indeed likely to 
exist in the solar nebula and may significantly contribute to the accretion evolutionary process and physical 
structure of the nebula. Such fields would supplement rather then replace turbulence in transporting angular 
momentum. In this paper we present the results of calcl~lations of the global dynamical evolution of a AD 
solar nebula that take into consideration the existence of a large-scale, dynamo-generated magnetic field. 

For our calculations we chose a fiducial case of an AD [2], which is based on the a,, prescription of viscosity. 
A solution is obtained under the assumption that the Rosseland mean opacity is adequately described by a 
piecewise continuous power-law [3]. The degree of ionization is calculated from the balance between sources 
(thermal ionization, cosmic rays, radioactive isotopes) and losses (recombination on ions and grains) of free 
electrons. It is assumed that all grains are spherical and have the same size equal to 50pn1, a maximum value 
still consistent with the opacity calculations. The evolution of the nebula structure is obtained numerically 
following the method described in [4]. The numerical experiment starts with a disk of mass equal to 0 .225A~f~  
distributed uniformly from I?,, = 0.04 AU to Rdisk = 15 AU, and having an angular momentum equal to 
5.2 x los2 g cm2sec-l. At each timestep we first calculate the structure of the non-magnetic nebula. We then 
calculate the spatial distribution of degree of ionization and the resulting ohmic diffusivity, find the regions 
of a disk where the dynamo process maintains a magnetic field and estimate the magnitude of the magnetic 
field, as well as the ratio between the horizontal and vertical components of the magnetic field. The disk 
structure is now calculated taking into account the structure of magnetic field. Magnetic effects are taken 
into account by modifying the standard disk equations in the following manner: (1) magnetic pressure is 
added to the gas pressure, (2) magnetic tension is incorporated by defining an effective viscosity parameter 
a,ff,  which encapsulates both the turbulent and magnetic contribution to angular momentum transport. 

A magnetized nebula evolves faster than a nebula in which turbulent viscosity is the sole mechanism of 
angular momentum transport. The initial distribution of mass is forgotten after less than lo4 yea.rs. A new 
feature, directly related to the presence of a magnetic field, is the surface density bulge located in the region 
of the disk that cannot support a magnetic field. The bulge persists for about 3 x lo5  years, moving gradually 
inward. The density within the bulge is increased by a factor of 3-4 (for P = 20), more for a stronger magnetic 
field. The location, size, and lifetime of the bulge depend on a choice of a,,, and initia.1 disk mass; however, 
the example shown here is representative for most models of the solar nebula. The presence and persistence 
of the surface density bulge in tlie disk may have important implications for the process of formation of giant 
planet cores. A surface mass density of solids in the range of 15-30 g/cm2 appears to be needed to allow 
Jupiter's core of about 15 - 20 Me to form by rapid runaway growth of planetesimals on a timescale of 
5 x lo5 - lo6 years [5]. Such surface density is about 5-10 times greater than predicted by the minimum mass 
nebula model. One can postulate a more massive disk, but then the surface densit,y increases everywhere. 
This is a problem because, whereas the formed Jupiter can remove the "unused" material from the so1a.r 
systern, the terrestrial planets cannot, so there would be a lot of planetesimals left in the inner so1a.r system. 
In a magnetized nebula, however, this difficulty seems to have a natural solution. The bulge remains mostly 
unaltered in the region of Jupiter formation for about lo5 years. During this time the surface density of 
solids within the bulge is enhanced to about 15-20 g/cm2, but the density of solids in the inner solar system 
is on average about as high as predicted by the minimum nebula model. Therefore, the formation of Jupiter 
may be the simple consequence of a density bulge rather than tlie reflection of the existence of the so-called 
"snow line," the radius a t  which water ice adds to the density of solids. 
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FIGURE 1. Radial distribution of the solar nebula surface density at selected times for the case with 
a,, = 0.01 and the ratio of gas to  magnetic pressure ,O = 20 (which corresponds to a magnetic field strength 
such that the Lorentz force on the turbulent eddy equals the Coriolis force on it, and the dynamo process 
is presumably saturated). Solid lines show the surface density for the magnetized nebula; dash-dotted lines 
show the surface density for the unmagnetized nebula. The dotted line shows the initial condition, and the 
dashed line show the distribution of surface density in the minimum mass, phenomenological model of the 
solar nebula. Surface density is given in grams/cm2, and the radial coordinate is given in AU. 
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