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Abstract. Photospheric plasma motion may cause the build-tivity (Bichner and Daughton, 2006iBhner and Elkina,

up of electric currents in the solar atmosphere. These electri2005, 2006). The anomalous resistivity is assumed to be de-
currents may then dissipate and heat the corona, cause EUpendent of the velocity of the current carrier (Roussev et al.,
and X-ray Bright Points (BPs) and trigger flares. In this work 2002) and acts only in the points where the velocity of the
we use a ‘data driven’ 3D MHD model to study the genera- current carrier exceed the thermal velocity of the electrons.
tion of electric currents in the solar atmosphere by photo- EUV and X-ray BPs are a directly observable phenomena
spheric plasma motion. The model was applied to photo-of the heating of the solar corona. The main properties of
spheric measurements below an observed EUV-BP. The obBPs are summarized in, e.g. Madjarska et al. (2003) (and ref-
served photospheric magnetic field and the derived horizonerences therein): BPs are small scale features, 30-40 arcsec
tal plasma motion were used as initial and boundary conwide, of enhanced X-ray and EUV emission. Their coro-
ditions of a simulation. The horizontal motion gave rise to nal structure corresponds to miniature loops evolving on a
electric currents in the chromosphere, transition region andime scale of approximately 6 min. The average life time of
lower corona. The currents formed in the area where the moa BP is 20h in EUV and 8h in X-ray observations. BPs
tion was applied and above the main concentrations of theemperatures vary betweerB1- 1.7 - 10° K. Their densities
photospheric magnetic field. are 2—4 times higher than the coronal averagd (5* m—3).
However, one of the most important characteristics that can
help to understand their nature is that they are associated to
moving, vertical and horizontal motions, bipolar magnetic
features.

For more than six decades a key question has puzzled re- Models developed to explain the observational features as-
searchers: what is the mechanism of solar coronal heating§OCIated to BPs consider the interaction between the mag-

At the moment the attempts to answer this question are con€tiC field of the moving bipolar magnetic feature and the
tained in two main groups of heating models: wave (AC) surrounding magnetic field (Priest et al., 1994; Parnell et al.,

heating and electric current (DC) heating. The source of en1994; Longcope, 1998; Rekowski et al., 2006). However,

ergy for both mechanisms is the photospheric energy resef€y do not consider the role of the plasma moving through
voir. AC heating (Alfén, 1947) requires that the magnetic regions of strongly diverging magnetic ﬂux.u_Bhner et al.
field is moved around in the solar photosphere faster than thé20042.0) and Bchner (2006) showed that horizontal plasma

Alfvén crossing time. Waves are generated in this procesg10tion in the photosphere and chromosphere causes the for-

which must then be dissipated in the solar corona to generatg‘ation of alocalized current sheet in and above the transition

heat. DC heating requires plasma motion in the photospher&9ion at the position of the EUV-BP. They claim that the en-
at timescales longer than the Aéf crossing time. Such rel- hanced current flow can make the current sheet resistive and

atively slow motion can generate electric currents. These cur@!lOWs stress relaxation by current dissipation and reconnec-

rents cannot be easily dissipated through conventional Joulion which power the BP.

heating (Parker, 1972), but by collisionless anomalous resis- An open question is that of the location of electric currents
in the solar atmosphere, which cannot be observed directly.

Correspondenceto: J. C. Santos For this sake simulations are necessary. In this work we use a
(santos@mps.mpg.de) 'data driven’ 3D MHD model (Bichner et al., 2005) to study

1 Introduction
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the formation of electric currents in a BP region observedmodel. The initial magnetic field is assumed to be potential
on 19 January 2006 (M. Madjarska, private communication).(V x B =0) and after the relaxation phase it assumes a non-
We derived the velocity field responsible for the evolution force-free form, where currents along the magnetic field and
of the photospheric magnetic features between 16:00 UT angerpendicular to it are created. The initial density mimic the
16:30 UT, on that day, and applied it as boundary conditionheight stratification observed in the solar atmosphere. The
to the model. The model and the observational data are degravity force is not considered in the model and the plasma
scribed in Sect. 2 and Sect. 3. The results obtained for thés assumed to be in hydrostatic equilibriupm= cte) at the
parallel and perpendicular currents are presented in Sect. deginning of the simulation. The temperature profile is then
A brief discussion of the results and some conclusions areomputed from the equation of state (Eq. 7).

given in Sect. 5. When the plasma and magnetic field are put together in
the simulation box, the system is not anymore in equilib-
rium. For this reason, at the beginning of the simulation,
a relaxation phase is necessary to bring the system closer to
an equilibrium situation. During the relaxation the system is
allowed to evolve and after some time all motion due to un-
balanced forces is dissipated, i.e. a ‘force equilibrium’ state

2 Model description

The MHD model solves the complete set of MHD equations

ap is reached. We now apply to the relaxed equilibrium a photo-

— =—-V.pu (1) . . . . . .

ot spheric horizontal motion to simulate the resulting evolution
dpu v v . B 5 of the system. The velocity in the lower boundary is imposed
=, = "V puu—Vp+jxB—vpu—uo) (2) by the neutral gas velocity. The plasma is dragged behind
OB . since it interacts with the neutral gas by collisions (momen-
FYE V x(uxB-nj) G wm equation). The motion is generated by a combination

ap of three velocity vortices. This way we reproduce the veloc-

2

vl =V.pu—(y—DpV-u+(y—Dnj (4) ity pattern calculated from the evolution of the photospheric
magnetic field structures. The neutral gas velocity must sat-

together with Ohm’s law, Amgre’s law and the equation of isfy V -uo=0 in order to inhibit a piling up of plasma and

state magnetic field.
E=—-uxB+nj (5)
V x B = poj (6)

p = 2nicuT. ) 3 Data and methodology
wherep is the plasma density; is the plasma velocityB We applied the model to an EUV-BP detected on 19 Jan-
is the magnetic fieldp is the thermal pressure and T is the uary 2006. To obtain the velocity responsible for the evo-
plasma temperature. The quantity denotes the velocity of lution of the photospheric magnetic structures associated to
neutral gas, to which the plasma is coupled, at least in thehe BP we used the local correlation tracking (LCT) tech-
chromosphere and photosphere. nigue (November and Simon, 1988). First, the LOS compo-

In the momentum equation, the collision term is used tonent of the photospheric magnetic field was filtered using a
describe the transfer of momentum from a neutral gas to théourier filter to select the first eight modes of interest. Then,
plasma. Therey represents the collision frequency between LCT was applied to the filtered magnetograms separated by a
the neutral gas and the plasma. In the photosphere and chrtime interval of approximately 30 min, covering the interval
mosphere the collision frequency is large compared to thebetween 16:00 UT and 16:30 UT. As a result we obtained a
inverse Alfén time. This allows the use of a value for this velocity pattern, which is shown in Fig. 1. The formally ob-
frequency, that is bigger than the inverse Alfwvtime. As a  tained horizontal motion around the positive magnetic field
consequence, in these regions the plasma motion is stronglgoncentration was, however, an effect of the emergence of
coupled to the neutral gas. In the solar corona the density isnagnetic flux in that region interpreted by LCT as a horizon-
much smaller so that the coupling between plasma and neual velocity pattern (Bmoulin and Berger, 2003). For this
tral gas vanishes. reason, we focused the simulation on the horizontal motion

The initial magnetic field configuration is obtained from derived from the displacement around the negative magnetic
the photospheric line of sight (LOS) magnetic field using afield concentration. In the simulation model this motion was
force-free extrapolation{ x B=«aB). The extrapolation approximated by using a combination of vortices of veloc-
method is described in Otto et al. (2007). It is similar to ity (Fig. 2). The initial three-dimensional magnetic field was
that developed in Seehafer (1978) but takes in account thatbtained from a potential extrapolation of the filtered LOS
the boundary conditions in the extrapolation must be con-photospheric magnetogram obtained at 16:00 UT using the
sistent with the boundary conditions applied to the MHD algorithm described in Otto et al. (2007).
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Fig. 1. Horizontal velocity obtained using LCT technique applied
to the filtered magnetic field in the interval 16:00 UT - 16:30 UT on
Jan 19" 2006.
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Fig. 3. Lateral view from the negative y-direction (top panel) and
top view (bottom panel) of the isosurfaces of a perpendicular current
Jj1 =2jo, att =1300s. The isosurfaces of perpendicular current
are shown in yellow.

the main polarities of the magnetic field. Figure 4 shows the
isosurface of a parallel curretit = 2jo, where jo = % is

the value used to normalize the electric current. ‘Fhis current
system results from the application of the velocity pattern of
Fig. 2 as a boundary condition to the model. This velocity
pattern moves the negative polarity region southward, away
from the positive polarity. The motion stretches the magnetic
flux tubes, increasing their magnetic energy contents. The
horizontal motion also gave rise to electric currents perpen-
dicular to the magnetic field. Figure 3 shows the isosurface
of a perpendicular current. =2jp. The parallel and per-
Flg 2. Horizontal VelOCity used as bOUndary condition of the model pendicu'ar currents form just below the solar corona, in the
to approximate the velocity pattern obtained in Fig.1. solar atmosphere, and the perpendicular component is less
distributed than the parallel component. Note that the cur-
rents near the boundary are artifacts of the simulation. The

4 Results profiles of the current energy
The applied photospheric plasma motion gave rise to elec-

: - : : : ()= | j%dxd (8)
tric currents just above the region where it was applied, overfj J y

www.astrophys-space-sci-trans.net/3/29/2007/ Astrophys. Space Sci. Trans., 3, 29-33, 2007



32 J. C. Santos and JiBhner: MHD simulation of electric current formation in the solar atmosphere

<Current Energy Profile (time =129.1652)

. )
== parallel current
~ — perpendicular current

)
0

Z axis (L

Current energy
o

0 10 20 30
Z axis (LO)

Fig. 5. Height profile of the current energy obtainedrat 1300 s.
The height at =5 corresponds to the transition region height.
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Fig. 4. Lateral view from the negative y-direction (top panel)
and top view (bottom panel) of the isosurfaces of a parallel cur- 0
rent jj =2jo, atr =1300s. The isosurfaces of parallel current are

shown in magenta.
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Fig. 6. Total magnetic energy (joules) versus timg ).

are shown in Fig. 5 for the parallel and the perpendicular cur-

rents atr =1300s. In this profile the current energy start to o N ]
increase below = 15 Ly, i.e. near and below the transition currents mainly in the chromosphere, transition region and
region. The energy associated with the parallel current domlOwer corona. The currents formed above the region where
inates over that associated to the perpendicular current.  the motion was applied and above the main concentrations

We also calculated the evolution in time of the total mag- of magnetic field. The component of the electric current par-
netic energy inside the simulation box allel to the magnetic field was stronger and spatially more

extended than the component perpendicular to the magnetic
field. The latter appeared as kernels of current concentration
as shown previously inichner (2006).

. . . A comparison with TRACE data showed that the area
Figure 6 shows the total magnetic energy, in Joules, versus

time. It shows that the total magnetic energy increases WhileWhere the current system formed coincides with the area

. . o where the EUV-BP appeared (M. Madjarska, private commu-
the opposite magnetic polarities were moved apart. . . .
nication). If a temporal sequence of images from trace is an-

alyzed one important characteristic is that indeed the bright-
5 Conclusions ening is always distributed approximately in the same area

and the kernels of brightening move inside this area. If the
Our simulation has shown that the horizontal motion of themechanism of heating by DC current dissipation would be
photospheric plasma and magnetic flux gave rise to electriefficient, as suggested byiBhner and Elkina (2005, 2006),

B2
Ep = / Zav. )
v 210
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