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Abstract. The largest accessible free energy in the universe is almost certainly the 
binding energy of the massive central black hole (BH) of nearly every galaxy. We have 
calculated one mechanism that produces this characteristic mass, lo8 M a ,  by initiating 
a Rossby vortex dominated accretion disk at  a critical thickness, - 100gcm-2, in the 
development of the flat rotation curve of nearly every galaxy. We have simulated how 
an a 4  dynamo should work due 4 i) star-disk collisions and plume rotation. The back 
reaction of this saturated dynamo may convert almost all the accretion energy into a 
single force-free magnetic field helix. This helix and field energy is then distributed 
as a quasi-static, hydrodynamically stable, Poynting flux configuration, filling the in- 
tergalactic space with a magnetized plasma. This energy and flux also explains the 
Faraday rotation maps of AGN in clusters. This energy density is - lo3 times the 
virial energy of a galactic mass of baryonic matter in the combined gravity of dark 
and baryonic matter on the galaxy scale and before and during galaxy formation. This 
extra galactic energy density should affect subsequent galaxy formation. This possibly 
explains why the large extra galactic mass of gas in both clusters and the walls has 
not subsequently formed further galaxies. Also the reconnection of this magnetic field 
during a Hubble time provides enough energy to maintain the extra galactic cosmic 
ray spectrum. 

The total energy released by the growth of supermassive black holes at the center 
of nearly every galaxy is large and can be comparable or even larger than that 
emitted by stars in the universe. Recent observations suggest that radiation from 
Active Galactic Nuclei (AGNs or quasars) might account for only - 10% of this 
energy [l]. Where did the rest of the energy go? We propose that a major fraction 
of this energy has been converted into magnetic energy and stored in the large scale 
magnetic fields primarily external to each galaxy, in galaxy clusters and “walls”. 
We have envisioned a sequence of key physical processes that describes this energy 



flow [2-41. 
The interpretation of Faraday rotation measure maps of jets and radio lobes 

of radio galaxies within galaxy clusters has revealed ordered or coherent re- 
gions, Lmag N 50 - 100kpc (N 3 x 1023cm), that are populated with large, - 30pG magnetic fields [5-71. The magnetic energy of these coherent regions 
is L;,,(B2/8n) N lo5' - 106'ergs, and the total magnetic energy over the whole 
cluster (- 1 Mpc across) is expected to be even larger. Understanding the origin 
and role of these magnetic fields is a major challenge to plasma astrophysics. 

A sequence of physical processes that are responsible for the production, re- 
distribution and dissipation of these magnetic fields is proposed. These fields are 
associated with single Active Galactic Nucleus (AGN) within the cluster and there- 
fore with all galaxies during their AGN (Active Galactic Nucleus or Quasar) phase, 
simply because only the central supermassive black holes (N 10sM,) formed dur- 
ing the AGN phase have an accessible energy of formation, N 1 O 6 l  ergs, that can 
account for the magnetic field energy budget. An a - R dynamo process has been 
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FIGURE 1. The helix generated by the dynamo in the disk. The foot points of the external 
quadrupole field lines, (a), generated by the dynamo, are attached to the surface of the disk (b).  
In the conducting low density plasma, ,O << 1, these field lines are wrapped into a force-free helix. 
This helix extends from the disk carrying flux and energy, a Poynting flux. (c). 



proposed that operates in an accretion disk around a black hole. Such an accretion 
disk is formed in the central part of the collapsing cloud of barionic matter, which 
forms the galaxy. When the surface density of barionic ellipsoid exceeds the value - 100 g cm-2 large enough for a disk to contain its heat against radiative cooling, 
the mechanism of outward angular momentum transport by Rossby vortices sets 
in and allows the barionic gas to reach the center and to form a N lo8 solar masses 
black hole. We have found a global nonaxisymmetric instability to exist in thin 
disks that can excite large scale vortices in the disk. Such vortices are shown to 
transport angular momentum outward efficiently [a]. 

The disk rotation naturally provides a large winding number, N 10l1 turns, 
sufficient to  make both large gain and large flux. The helicity of the dynamo can 
be generated by the differential plume rotation derived from star-disk collisions. 
This helicity generation process has been demonstrated in the laboratory and the 
dynamo gain was simulated numerically. A liquid sodium analog of the dynamo is 
being built. Unlike dynamos driven by hydrodynamic or hydromagnetic instabilities 
in the accretion disk, star-disk collision driven dynamo has no problems with a 
quenching and can result in the magnetic fields stronger than equipartition value 
with the thermal pressure in the disk. Speculations are that the back reaction of 
the saturated dynamo will lead to the formation of a force-free magnetic helix, 
which will carry the energy and flux of the dynamo away from the accretion disk 
and redistribute the field within the clusters and walls. Such a helix is shown 
schematically in Figure la  and calculated with the force-free field, Grad-Shafranov 
equations with a cylindrical boundary, Figure IC. The magnetic reconnection of a 
small fraction of this energy logically is the source of the AGN luminosity, and the 
remainder of the field energy should then dominate the free energy of the present- 
day universe. The reconnection of this intergalactic field during a Hubble time is 
the only sufficient source of energy necessary to produce an extragalactic cosmic 
ray energy spectrum as observed in our Galaxy, and at the same time allow this 
spectrum to escape to the voids faster than the time of the Gruneisen-Zatsepin- 
Kuzmin loss due to black body radiation photons. 
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