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Abstract 
 
The origin, shape and dynamics of the ubiquitous barred-spiral galaxy remains an enigma for gravitational theorists 
who must resort to invisible dark matter to explain their origin and dynamics and an unphysical central black hole to 
power the jets issuing from active galactic nuclei (AGNs). Based upon the observation of spiral plasma forms in the 
laboratory, we propose the dense plasma focus (DPF) as a laboratory model of formation of barred-spiral galaxies 
and an AGN and its jets. 
 

PACs: 52.58.Lq; 52.59.Hq; 95.36.+x; 98.35.Hj;  
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1. Introduction 
 
The origin, shape and dynamics of the ubiquitous 
barred-spiral galaxy remains an enigma for gravita-
tional theorists who must resort to invisible dark mat-
ter to explain their origin and dynamics and an un-
physical central black hole to power the jets issuing 
from active galactic nuclei. There is recent proof that 
black holes cannot exist [1]. So the highly collimated 
jets observed issuing from AGNs have no explanation 
in gravitational theory. Given that almost the entire 
visible universe is in the form of plasma, we turn to 
experimental plasma physics for an analog of the 
barred spiral galaxy and the ultra-compact mass and 
energy focus at its center. 
Much of the inspiration for today’s advanced plasma 
research came from the work about a century ago of 
the Norwegian genius Kristian Birkeland, nominated 
for the Nobel Prize seven times. His findings sug-
gested that charged particles originating from the Sun 
and guided by Earth’s magnetic field produced the 
circumpolar auroral curtains. Although mainstream 
theorists disputed this claim for decades, satellite mea-
surements in the 1960s and ‘70s confirmed Birkel-
and’s theory. More recently, “electrical tornadoes” 
have been discovered by Themis spacecraft to drive 
Earth’s auroral displays. In 1939, Hannes Alfvén, the 
Nobel Prize winning Swedish engineer and physicist, 
advocated the idea of “Birkeland currents” and pro-
posed solar and auroral electrical circuits. [2] Alfvén’s 
colleague, Anthony Peratt, notes, “Regardless of scale, 
the motion of charged particles produces a self-

magnetic field that can act on other collections of par-
ticles or plasmas, internally or externally. Plasmas in 
relative motion are coupled via currents that they drive 
through each other. Currents are therefore expected in 
a universe of inhomogeneous astrophysical plasmas of 
all sizes.” [3] [Emphasis in original.] 
As explained below, Birkeland currents naturally form 
electromagnetic vortices. Alfvén showed that electric 
currents in plasma form twisted filament pairs, follow-
ing the direction of the ambient magnetic field and 
shaped by the current-induced magnetic field. In this 
demonstration, he confirmed the observations of 
André Marie Ampère, who had noted that two parallel 
currents flowing in wires experience a long-range (1/r) 
magnetic attractive force that brings them closer to-
gether. But as two plasma current filaments come to-
gether, they are free to rotate about each other. This 
generates a short-range repulsive magnetic force that 
holds the filaments apart so that they are insulated 
from each other and maintain their identity. The effect 
is that the filaments will form a twisted ‘rope.’ As they 
draw together, like a spinning ice skater bringing in 
her arms, they rotate faster and faster. Due to this dy-
namic, the paired current behavior is really an elec-
trical ‘whirlwind,’ a plasma vortex (Fig.1). Decades 
ago plasma physicists showed that the forms taken by 
spiral galaxies can be reproduced in their laboratories 
when powerful Birkeland current filaments intersect in 
plasma. Plasmas that present filaments are observed in 
many astrophysical phenomena like aurorae, comet 
ion tails; solar spicules, plumes and corona [4-5]; and 
planetary nebulae. It should be noted that similar ef-
fects of plasma filamentation were observed in Z-
pinch experiments [6] and DPF devices.  *Corresponding author: Mohammad Reza Yousefi;  
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Fig. 1. Electromagnetic interactions cause the filaments 
to draw inward and rotate about each other to form a 
helical ‘Birkeland Current’ filament pair, or plasma 
vortex. [The Electric Universe, p.35] 

 
The appearances of plasma filaments in the DPF have 
been shown by different groups [7-9] and various 
models of the formation and interaction of current 
filaments were proposed. The DPF forms a high-
density toroidal ‘plasmoid’ at its focus. The plasmoid 
subsequently decays and concentrates its stored elec-
tromagnetic energy into an explosive, highly colli-
mated discharge jet.  
In 1984 Sadowski [8] showed that with a high pinch 
current of about 1 MA, DPF filamentation can exist up 
to some 20 to 50 ns after the maximum compression. 
Bostick [10] claimed that the primary filaments consti-
tute filamentary vortices colliding and annihilating 
during the radial compression. He also demonstrated 
his hypothesis by forming a barred-spiral by colliding 
plasmoids fired across a magnetic field from two 
sources [7 and 11]. As early as 1937 Alfvén proposed 
that our galaxy contains a large-scale magnetic field 
and that charged particles move in spiral orbits within 
it, owing to forces exerted by the field. Through expe-
rimentation over many decades, Alfvén and others 
demonstrated the complex behavior of plasma dis-
charges, and now plasma physicists can trace the evo-
lution of observed galactic forms from basic electro-
magnetic principles. Peratt has demonstrated this last 
point most persuasively. Peratt’s supercomputer simu-
lations [12] and experiments have shown that the inte-
raction between cosmic Birkeland filaments with no 
dark matter, no black holes, and no role for gravity at 
all naturally produces an accumulation of matter at the 
currents’ intersection, leading to spiral galactic struc-
ture and rotational motions that accurately match ob-
servations. The Spitzer Telescope took the image of 
the spiral galaxy (Fig. [2]).   
 

 
 
Fig.  2. Image of the spiral galaxy above was taken by the 
Spitzer Telescope NASA/JPL-Caltech/S. Willner and the 
lower image is a sequence from a computer simulation of 
galaxy formation by A. L. Peratt, Physics of the Plasma 
Universe, p. 120.  
 
In the DPF type discharges, the initial breakdown oc-
curs across the insulator in the form of filaments. 
These filaments are blown off the insulator by the 
magnetic pressure, and ≈ 1 µs after breakdown merge 
to form a uniform thin parabolic current sheath be-
tween the electrodes. The plasma sheet carrying the 
current is formed between the anode and cathode. The 
J ×B force causes this current to move along the 
anode to its terminus, generating pairs of radial fila-
ments in the process. At the anode terminus the fila-
mentary plasma sheet balloons outwards and contracts 
towards the center and the energy is transferred from 
the outer region to the central region where’ kink’ 
plasma instability causes the filaments twists upon 
itself to form a tiny donut shaped ‘plasmoid’ of ex-
tremely high energy density. Eventually, the plasmoid 
breaks down and electrons and ions are accelerated 
from the plasmoid in opposite directions along the 
axis in intense, narrow beams (see figure 3.)[13]. The 
current flow convergence is largely due to the self-
consisting nature of the current filament, whereas the 
heating and compression from the r,z implosion on the 
axis are due to both the magnetic forces of the current-
carrying plasma filament and the inertial forces. Par-
tial conversion of the kinetic energy of the imploding 
axisymmetric current to internal heat energy may be 
occur during the implosive phase owing to self-
collision[14]. The main efforts of the experiments 
were, however, directed toward studying current fila-
ment interactions and coalescence in the pinch effect 
of the DPF as an analog for the origin and structure of 
the barred-spiral galaxy. 
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Fig. 3. Image shows the form of the plasmoid and the 
particle jets created when the magnetic field begins to 
collapse in the DPF. Image credit: E. Lerner, Lawrence-
ville Plasma Physics 
 
2. Experiment and results  
 
The paper presents the results of experiments per-
formed in the PF-143 facility with high pinch current 
of about 700 kA, which was equipped with a new set 
of ion pinhole camera. Our Mather-type DPF is ener-
gized by a capacitor bank of 44.8 µF/30 kV [15]. See 
Schematic of DPF in the Figure 4. 
 

 
 
Fig. 4. Schematic of the Dense Plasma Focus (DPF) 
 
For time-integrated measurements of fusion-reaction 
ions we used solid-state nuclear track detectors of type 
CR-39, which were placed at different angles to the 
axis, on the semicircular support at a distance of 263 
and150 mm from the anode terminus. In order to elim-
inate streams of primary deuterons and accelerated 
impurity heavy ions, the track detector sample was 
covered with 12 µm Al foil. Such an arrangement 
made it possible to measure the spatial distribution of 
high-energy ions. In the second stage a single pinhole 
camera was used on the electrode axis and measure-
ment was carried out during five discharges which 
were performed under the following experimental 
conditions: ρ= 2.3 Torr D2, U0=30kV, I=700kA.  
Figure 5 shows a barred-spiral configuration. The pic-
tures show the two arms warp into a spiral, ending in a 
ring shape with two shells. These barred-spiral confi-
gurations have helical arms, as do many of the ob-
served barred-spiral galaxies. The rotation is driven 
principally by the electrical energy input via the tor-
nadic motion of the Birkeland filaments. 
In Figure (6) ion tracks of the single pinhole camera 
show a whirlpool-shape with some dark spot in the 
center marked with circles. This Whirlpool-shape of 

ion tracks also has a cone shape from top view.  An 
AGN is an ultra-compact region at the centre of a ga-
laxy which has a much higher than normal luminosity 
over some or all of the electromagnetic spectrum. We 
suggest the plasmoid formed by the DPF is a laborato-
ry analog of an active galactic nucleus. The periodic 
activity of an AGN and the production of axial jets 
can be viewed as the breakdown of a plasmoid due to 
increasing particle collisions along the central axis of 
the plasmoid. The breakdown of the toroidal plasmoid 
produces axial jets. The recently discovered chaotic 
and rapid movement of stars close to the nucleus of 
our own galaxy suggests the influence of a dynamic 
large central mass of plasma under the control of po-
werful electromagnetic forces.  
Several phenomena recorded in DPF discharges seem 
to reproduce astrophysical observations. In particular, 
the ion track distribution of the DPF is studied here 
and measured in some detail as a possible model for 
spiral galaxy observations. We suggest that the 
processes displayed in these photographs are organi-
cally related to morphologically similar astrophysical 
processes. We suggest that Figure 5 represents the 
basic processes involved in the formation of a barred-
spiral galaxy. 
 

 
 
Fig. 5. Ion tracks obtained with the 12 µm aluminum 
filtered pinhole camera with CR-39 film at different an-
gles with respect to the anode axis. (a) At 15o (b) at 10 o 
(c) at 5o to the electrode axis inside the PF facility and (d) 
on the electrode axis inside the PF facility.  
 

 
 
Fig. 6. (Left) Image shows M51, the Whirlpool galaxy, 
credit by NASA. (Right) Ion tracks obtained with the 12 
µm aluminum filtered single pinhole camera with CR-39 
film. We interpret this as a vortex of ions like the whirl-
pool galaxy, with central concentration. 
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