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Abstract. We describe the fine structure of white light polar plumes
observed using SOHO/LASCO C2 coronagraph. The evolving helical
structures of different scales are clearly seen on processed images (the
processing is made to reveal the faint contrast objects). The observed
structures trace the magnetic field lines, so the electric currents flow along
the axes of plumes. An MHD model of a plume which takes into account
field-aligned electric currents is developed. The model permits to under-
stand the existence of high-density plasma inside the plume due to the
balance between the magnetic forces and the transverse pressure gradient.

1. Observations, Interpretation and Results

In Fig. 1 we present four processed LASCO C2 images made on April 16,
1996 showing multi-thread helical structure of the plumes, which could be also
observed in EUV by SOHO/EIT (Veselovsky et al. 1999). The details of obser-
vations and the image processing were reported earlier (Lamy et al. 1997).

The observed structures presumably trace the magnetic field lines, hence,
the magnetic field in plumes has a helical shape. Such a magnetic structure
necessarily implies that the electric currents flow in the radial direction along
the plume axis. The force balance providing the equilibrium of the plume (or
one of its threads) could be represented in the simplest model as follows. The
electric current I is distributed homogeneously over the plume (cylinder with
the radius Ro) cross section. The magnetic field B is created by the current I
and the external homogeneous magnetic field parallel to the current direction.
The pressure gradient Vp acting on plasma inside the plume is directed out-
wards, because the plume is an order of magnitude denser and about two times

cooler than the interplume plasma (Suess 1998). The magnetic force ~ [J x B]
compresses the plume. The balance between these two forces providing the
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Figure 1. LASCO C2 images of the solar corona (northern polar
coronal hole) taken on April 16, 1996. The regions with higher density
are represented by darker colors.
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plume transverse equilibrium could be written in the MHD approximation as

- :~ + ~ [J X n]R = 0, where j = I/4rrR1J is thecurrent density, c is the speed

of light, R is the radial coordinate in the cylindrical geometry. For the sake of
simplicity we assume the plasma temperature T == canst inside and outside the
plume and, considering the fully ionized hydrogen plasma as an ideal gas, solve
the force balance equation. The solution gives the expression for the electron
number density n inside and outside the plume:

n(R) ==

1 [2 (R)2
no - rrc2kT R1J Ro ,R < Ro;

(1)
1 [2

no - rrc2kT R1J' R > Ro·

Here no == n(Ro), k is the Boltzmann constant. For the quantitative cal-
culations we take typical values of parameters for 1.IR0 (where the MHD ap-
proximation is valid): no == 5 107 cm", T == 106 K, and the values obtained by
Veselovsky et al. ~1999) for the helical magnetic field of EUV plume: Ro = 1.6
104 km, I == 2 10 A (which corresponds to the azimuthal field Bcp == 0.5 G).
We obtain the good agreement with the independent observations (Koutchmy
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Figure 2. The dependence of the electron number density on the
distance R from the center of the plume at 1.1 R 8 . Ro is the plume
radius.

1988) of the electron number density outside the plume and a plausible radial
profile (Fig. 2).

Some imlications of the helical magnetic structure of the plumes for the
solar wind acceleration process and for the structure of the heliospheric current
circuit were discussed by Veselovsky et al. (1999).

2. Conclusions

Investigating the thread-like fine structure of white-light polar plumes observed
by LASCO C2 coronagraph onboard SOHO, we found helical magnetic field
configuration in the polar plumes. The theoretical consequences are:

field-aligned electric currents are responsible for the formation of helical
structures there;

the plume is maintained by the balance of the pressure gradient and the
Ampere forces acting in the transverse direction.
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