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ABSTRACT

The coronal magnetic field is constantly subjected to a variety of photospheric, footpoint motions, leading to the build up, and
subsequent release, of magnetic energy. Two diﬀerent types of footpoint motions are considered here, namely (large scale) rotating
and (small scale) spinning, using 3D numerical MHD simulations. The initial model consists of two aligned, thin flux tubes, which
are forced to interact due to the boundary driving of the footpoints. Two variations of this setup are studied, namely with and without
an additional, constant, background magnetic field. The nature of the boundary motions determines the shape of the central current
sheet, the driving force of the reconnection process, as well as the eﬃciency of the build up of quasi-separatrix layers (when Bbg  0).
The reconnection process is more eﬃcient for the rotating of the flux sources and when a background magnetic field is added. In
general, heating due to large and small scale motions is of comparable magnitude when no background field is present. However, with
an additional background magnetic field, heating due to small scale footpoint motions seems substantially more eﬃcient.
Key words. magnetohydrodynamics (MHD) – Sun: corona – Sun: activity – Sun: magnetic fields

1. Introduction
Magnetic reconnection, driven by photospheric footpoint motions remains one of the most promising mechanisms to convert
magnetic energy into heating the local plasma (see e.g. a recent
review by Klimchuk 2006). Braiding of the footpoints causes a
build up of free magnetic energy as well as the generation of current concentrations, allowing reconnection to take place (Parker
1972; van Ballegooijen 1986; Mikić et al. 1987; Galsgaard &
Nordlund 1996; Gudiksen & Nordlund 2005). Developing the
idea of footpoint braiding further, Priest et al. (2002) pointed out
that simple footpoint motions are suﬃcient to form current concentrations both along separatrix surfaces (separating diﬀerent
connectivity regions) and separators (intersection of separatrix
surfaces). Once strong enough, these current sheets will allow
reconnection to occur, resulting in a re-arrangement of the coronal magnetic field structures and hence, altering the connectivity
of the photospheric magnetic fragments. This continuous reconnection of the coronal magnetic field will lead to a significant
contribution to the heating of the local coronal plasma. The ensemble of constant photospheric motions is likely to be one of
the main drivers which maintains the 1 MK background temperature of the Quiet Sun corona (see e.g. Parnell 2002; or Falconer
et al. 2003). On the other hand, observational results presented
by Pevtsov & Acton (2001) suggest that the high-temperature
corona (>2 MK) is mostly associated with large-scale reconnection and the evolution of strong active region magnetic fields.
The coronal tectonics model of Priest et al. (2002) showed
that elementary interactions between flux fragments are likely to
be at least as important as energetic events due to emergence
and cancellation of magnetic flux. Recently, several numerical simulations have modelled such simple footpoint motions,
leading to elementary heating events, without relying on flux

emergence or annihilation. For example, numerical simulations
of flux tube tectonics by Mellor et al. (2005) confirm that simple lateral motions of a non-uniform magnetic field result in the
rapid build up of current sheets. Similarly, the interaction between flux sources in a constant background magnetic field are
investigated numerically by Galsgaard et al. (2000a), Parnell &
Galsgaard (2004) and Galsgaard & Parnell (2005). Driven by the
boundary motions, the flux systems are forced to interact, resulting in the two flux fragments connecting and subsequently disconnecting through separator reconnection (Haynes et al. 2006).
Priest et al. (2005) use a reduced MHD model to compare the
energy storage and heating at separators and separatrix surfaces.
The energy dissipation at separators and separatrix surfaces is
driven by (large scale) rotational and (small scale) spinning motions, respectively. These authors conclude that coronal heating
is likely to be of comparable importance at separatrices and separators. In addition to separatrix surfaces and separators, quasiseparatrix layers (QSLs) (Priest & Démoulin 1995; Démoulin
et al. 1996) are also known to be sites of preferential current
formation (Milano et al. 1999). However, the details of this process are still under investigation (Galsgaard & Nordlund 1997;
Galsgaard et al. 2000b; Titov et al. 2003; Galsgaard et al. 2003;
Mellor et al. 2005; Démoulin 2006; Aulanier et al. 2005).
In this paper, we present 3D numerical simulations of the
energy build up and subsequent release through magnetic reconnection, driven by spinning the footpoints of two adjacent
flux tubes. These results are then compared to the result from
De Moortel & Galsgaard (2006, hereafter Paper I), which investigated the reconnection that occurs when the flux concentrations are rotated on the boundaries. The basic setup is described
in Sect. 2, and to ease the comparison between the two diﬀerent
types of footpoint motions, a brief summary of the results from
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Fig. 1. Contour plot of the flux sources at the bottom boundary. The vectors indicate the “spin” driving velocity imposed on the bottom boundary of the numerical domain.

Paper I is given. The dynamical evolution of the spinning experiments is described in Sect. 3 and subsequently, the generation of
current concentrations (Sect. 4), the connectivity structure and
reconnection rates (Sect. 5) and the global energetics (Sect. 6)
are investigated. A discussion of the results and the general conclusions can be found in Sects. 7 and 8, respectively.

2. Numerical setup
2.1. Basic model

The numerical domain contains the same basic setup as in
Paper I, namely two aligned, thin flux tubes, which are modelled by considering two positive and two negative sources at
the top (T 1 and T 2 ) and bottom (B1 and B2 ) of the cubical, numerical box (Fig. 1) with side length unity. The magnetic field
distribution on the boundaries is given by


2
2
2
2
2
2
Bz = B0 e−[(x−x1 ) +(y−y1 ) ]/r0 +e−[(x−x2 ) +(y−y2 ) ]/r0 + Bbg .
(1)
We choose B0 = 1, the radius of the sources r0 = 0.065
and the centre of the flux concentrations on both boundaries as
(x1 , y1 ) = (0.3, 0.5) and (x2 , y2 ) = (0.7, 0.5). As the position of
the sources is the same on the top and bottom boundary, the domain initially contains two straight magnetic flux tubes (see the
first snapshot in Fig. 2). From the above source distributions on
the boundaries, a potential magnetic field configuration is calculated to fill the interior of the data cube. The domain is assumed to be periodic in the horizontal directions. As in Paper I,
two diﬀerent variations of this setup are considered, namely with
and without an additional, constant, magnetic background field.
Throughout this present study, we have chosen this background
field as Bbg = 0.05. The spinning driving profile considered in
this paper is shown in Fig. 1 and is given by:
v(r) = v0 r1 [1 + tanh(A(1 − Br1 ))]
+v0 r2 [1 + tanh(A(1 − Br2 ))],

(2)

where r12 = (x − x1 )2 + (y − y1 )2 and r22 = (x − x2 )2 + (y − y2 )2 .
The driving speed is taken as v0 = 0.02222 and A = 16.8 and
B = 2.8 determine the steepness and location of the drop oﬀ in v
outside the sources. Note that the velocity profile is designed to
increase linearly with radial distance from the centre of each of
the sources, in order to maintain the shape of the flux concentrations as they are spun. Again the motions on the top and bottom boundary are counter-rotated, with the anti-clockwise velocity vectors shown in Fig. 1 representing the spin on the bottom

boundary. The angle (measured in radians) by which the sources
(on one of the boundaries) have been rotated or spun will be
used as a reference value to allow us to compare the two diﬀerent types of footpoint driving.
When Bbg = 0, the numerical domain initially contains two
separate flux domains, namely the vertical flux tubes (Fig. 2, top
left) connecting B1 to T 1 and B2 to T 2 , on either side of a central
separatrix surface (the periodic boundaries represent independent sets of separatrix surfaces which are not important for the
evolution of the central current sheet). However, when a positive background field is added (Bbg > 0), there are no longer
distinct flux domains, as the entire boundary now contains flux
of the same polarity. In this case, we define a “flux tube” as the
volume enclosed by the field lines traced from a radius, r0 , from
the centre of the sources (the radius of the sources in the nobackground field experiment). Note that when such a positive
background magnetic field is present, these flux tubes are not
real topological features but merely a convenient notation to refer to the flux associated with each of the flux concentrations
on the boundaries. Before the onset of the boundary driving, the
flux tubes in the Bbg = 0 experiments are in contact, unlike in the
Bbg  0 case, where the background field keeps the “flux tubes”
separated.
To follow the dynamical evolution of the 3D system, the
numerical code solves the non-ideal MHD equations in a 3D,
Cartesian box, which is assumed to be periodic at the sides, and
bounded in the vertical direction (i.e. the direction perpendicular
to the plane in which the driver is situated). For a more detailed
description of the numerical code, see Paper I and Nordlund &
Galsgaard (1997).
2.2. Summary of rotational footpoint driving

In the present paper, we want to compare the eﬀect of two diﬀerent types of footpoint motions on two adjacent flux tubes. The
first type of boundary driving, the rotation of the flux concentrations around a common centre, is discussed in detail in Paper I.
To ease the comparison with the results presented in the current study, we here briefly summarise the main conclusions of
Paper I.
Due to the rotational motion of the flux concentrations on the
boundaries, the straight magnetic flux tubes are deformed into
two, interlinking, helical structures. The increasing tension in
the rotated field lines results in a strong magnetic tension force,
which initiates a stagnation point flow. As the shear in the magnetic field lines grows, the central current sheet (formed along
the (quasi-)separatrix surface) gradually builds up and eventually becomes suﬃciently strong to allow for the onset of reconnection. The presence of a background magnetic field delays
the onset of reconnection between the two flux tubes, but once
started, the reconnection process is more eﬃcient for higher values of Bbg .

3. Dynamical evolution
The spinning motion of the flux sources on the boundaries diﬀers
from the rotational boundary driving investigated in Paper I, in
the sense that the position of the sources on the top and bottom
boundaries remains unaltered and the spinning footpoint motions are localised, only aﬀecting the flux concentrations themselves. The alignment of the flux sources stays the same at all
times and hence, the spinning boundary driving has no eﬀect
on the potential field evolution; it will remain identical to the
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Fig. 2. Field lines traced from the flux concentrations on the bottom boundaries at a spinning angle (left) θ = 0 , (middle) θ ≈ 2 and (right) θ ≈ 4
for Bbg = 0 (top) and Bbg = 0.05 (bottom). The isosurfaces represent current.

Fig. 3. Cartoon illustrating the diﬀerence in the potential and dynamical evolution of the topological domains for the (top) rotational and
(bottom) spinning boundary driving.

initial setup, namely field lines connecting all the flux from B1
to T 1 and B2 to T 2 . The rotational boundary motions on the other
hand, caused a cyclic variation in the potential field evolution, as
the alignment of the flux sources changed repeatedly.
Figure 2 shows three diﬀerent stages of the dynamical evolution for both Bbg = 0 (top) and Bbg = 0.05 (bottom). Both sets of
field lines are traced from the flux sources on the lower boundary
and isosurfaces of strong current are also shown. (Note that the
current near the boundaries of the numerical domain has been
removed for clarity). The three snapshots correspond to spinning angles (left) θ = 0, (middle) θ ≈ 2 and (right) θ ≈ 4.
As expected, the dynamical evolution is much more complicated than the potential one, with the field lines becoming increasingly twisted. Similar to the rotational case, a strong central current sheet builds up along the central (quasi-)separatrix
surface, but rather than being twisted (see Fig. 2 in Paper I), it
remains straight. This clearly shows the diﬀerent nature of the
two diﬀerent types of footpoint motions, as illustrated by a cartoon in Fig. 3. At the start of the various experiments, the field
lines going from the sources on the bottom boundary to the
top sources are separated by a separatrix surface (separating the

connectivity domains B1 −T 1 and B2 −T 2 ). The same is true for
the field lines connecting the sources on the top boundary to the
flux concentrations on the bottom boundary. Due to the symmetrical initial setup, these two separatrix surfaces coincide and
when the sources are spun on the boundaries, this topological
state remains unchanged until the onset of reconnection, regardless of whether one considers the potential or dynamical field
evolution (see bottom row of Fig. 3). However,when the sources
are rotated on the boundaries, there is a fundamental diﬀerence
between the potential and dynamical field evolution. Due to the
large scale rotational motions, the flux concentrations on the
boundaries change position, hence altering their alignment. As
reconnection is not instantaneous in the dynamical evolution, the
central (coinciding) separatrix surfaces will become increasingly
twisted. The potential field evolution, on the other hand, allows
instantaneous reconnection and hence, the two central separatrix
surfaces will rotate with the sources and intersect at a separator
(top row in Fig. 3), dividing the numerical domain into four topological regions (when Bbg = 0). In this case, one could refer to
the central current sheet as a “separator” or “separatrix” current
sheet for the rotating and spinning boundary motions, respectively, as in Priest et al. (2005). This diﬀerence in the classification of the current sheets arises as these authors allow the field
to reconnect instantaneously and thus form the two intersecting
separatrices in the rotational experiment. This causes the formation of a separator line defined by the intersecting of the two
separatrix surfaces (as seen in the top left frame of Fig. 3). As
we focus our attention on the dynamical evolution, this splitting
of the flux domains does not take place. In fact there is no difference in the nature of the central current sheet for the diﬀerent
types of footpoint motions, only in its shape: the large scale (rotational) motions generate a twisted current sheet, whereas the
small scale (spinning) motions lead to the build up of a straight
current sheet. As such, we will not use the distinction between
separator and separatrix current sheet as in Priest et al. (2005),
but simply refer to the central current sheet.
As the spinning of the sources on the boundaries continues, the field lines become increasingly twisted and the central current sheet eventually becomes strong enough to allow
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Fig. 4. Contours of current at z = 0.5, with θ ≈ 3, for both the (left) spinning and (right) rotating boundary motions, where Bbg = 0. Over plotted
are cotemporal vectors of the gradient of the magnetic pressure (blue) and the tension force (black).
Table 1. An overview of the spinning angles at which various stages of
the reconnection occur, for diﬀerent values of the additional background
magnetic field, Bbg .

Onset of reconnection
25% reconnected flux
50% reconnected flux
75% reconnected flux
100% reconnected flux
End of experiment

Bbg = 0
1.46
3.44
4.93
–
–
6.87

Bbg = 0.05
1.86
2.87
3.53
4.25
5.20
6.49

reconnection to take place. In the Bbg  0 case, the background
field has a confining eﬀect on the two initial flux tubes and initially keeps them separated. This background field has to be removed before reconnection between the flux tubes is possible.
As the sources are spun, magnetic pressure builds up, leading
to a radial expansion of the flux tubes. This causes field lines
from the two flux tubes to collide and results in the build up a
strong central current sheet. Figure 4 shows contours of the current at z = 0.5, with θ ≈ 3, for both the (left) spinning and (right)
rotating boundary motions (where darker colours correspond to
higher values). Over plotted are cotemporal vectors of the gradient of the magnetic pressure (blue) and the tension force (black).
The slight asymmetry in the vectors is due to the fact that the
current sheet does not align with the centre of the grid cells. For
the spinning of the flux concentrations (Fig. 4, left), we can see
that it is indeed the magnetic pressure (blue arrows) that carries the field lines towards the strong central current sheet. In
the rotating case (Fig. 4, right), on the other hand, it is mainly
the magnetic tension (black arrows) in the rotated field which
drives the field lines toward the central reconnection region. As
reconnection takes place, new flux domains are created (B1 to T 2
and vice versa) and the footpoint connectivity gradually changes.
The additional flux domains are created in both the Bbg = 0
and Bbg = 0.05 experiments, with a QSL forming between the
two flux tubes in the Bbg  0 case. We will describe the evolution of the QSL’s in more detail in Sect. 4. The right hand side
snapshots in Fig. 2 show that at the later stages of the evolution, many current fragments are present throughout the domain,
which are evidence of the many diﬀerent interactions between
the field coming from the sources and the background field, as
well as interactions through the periodic side-boundaries of the
computational domain.
Table 1 provides an overview of the time at which a given
amount of flux has reconnected, as a percentage of the total flux

of a source. As indicated above, the onset of reconnection between the two flux tubes occurs later (i.e. at a larger value of the
spinning angle θ) when a background magnetic field is present,
due to its confining eﬀect on the flux tubes. However, once
started, the amount of reconnected flux increases much faster
in the experiment where a background field has been added. A
similar result was found in Paper I for the rotational driving.
In Sect. 5 we will make a more detailed comparison between
the rate of change of the footpoint connectivity of the various
experiments.

4. Current evolution
As pointed out in the previous section, the diﬀerent types of
boundary motions lead to diﬀerences in the central current sheet.
To investigate the nature of the current sheet in the spinning
experiments in more detail, we focus on the current structures
in the z = 0.5 plane. Figure 5 shows a series of snapshots of
contours of current, at mid-height in the computational box, for
(top) Bbg = 0 and (bottom) Bbg = 0.05. Lighter colours represent higher values of current. In the initial phase of the boundary
driving, the current structure in the Bbg = 0 and Bbg = 0.05 experiments looks quite similar: current builds up at the edges of
the “flux tubes” due to the shear caused by the strong decrease
in the amplitude of the driving velocity (see Fig. 1). These two
circles of current meet in the middle of the domain, resulting in a
strong central current sheet, caused by the shearing between the
two flux tubes (in the Bbg = 0 case) or between the background
field (in the Bbg  0 case). For the no-background field experiment, this strong current sheet remains present at the centre of
the domain throughout the simulation.
As reconnection starts, two extra flux domains are created,
and in e.g. the second snapshot in Fig. 5, we can now clearly
see the four diﬀerent domains: left and right of the current sheet
are the two original flux tubes (B1−T 1 and B2 −T 2 ) and above
and below the central current sheet we can see the newly formed
domains (B1−T 2 and B2 −T 1 ), containing the reconnected field.
As the boundary driving continues (snapshots from left to right),
the original flux domains become smaller while simultaneously,
the domains with reconnected field extend in size. The four different domains are shown clearly in the snapshot at θ = 2.36 in
Fig. 8 (top), where the original connections are shown in yellow and blue, and the reconnected field is drawn in green and
red. In the final stages of the evolution, there are many fragments of strong current throughout the computational domain
(see also Fig. 2, right), caused by the interactions between the
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Fig. 5. Contour plots of the current at z = 0.5 at various diﬀerent spinning angles, for the case without (top) and with (bottom) background field,
Bbg = 0.05.

Fig. 6. Contour of the current at z = 0.5 and θ ≈ 3 for the case without (top) and with (bottom) background field (Bbg = 0.05). Over plotted are the
cotemporal velocity (left) and magnetic field (right) vectors in the z = 0.5 plane.

flux tubes and the reconnected field, the background field (when
present) and the periodic boundaries of the box. When a background field is present (Fig. 5, bottom row), the evolution of the
diﬀerent (quasi-)domains is largely similar to the no-background
case, apart from the fact that the entire current structure is limited in size due to the confining eﬀect of the background field.
Note, however, how this entire region expands and at the end of
the experiment, almost fills the complete domain. Also in these
final stages, the central current sheet has completely disappeared
for the Bbg = 0.05 experiment, as 100% of the flux has changed
connectivity for θ > 5.20.
Figure 6 shows the contours of the current at θ ≈ 3, with
cotemporal velocity (left) and magnetic field (right) vectors over
plotted, both for Bbg = 0 (top) and Bbg = 0.05 (bottom).
Focusing on the magnetic field first confirms that the strong

current regions are located in regions of strong shear in the magnetic field, for both experiments. At this stage (see Table 1), the
reconnection process is well underway and looking at the velocity vectors, we can see that there is a (relatively weak) flow
carrying field towards the central current sheet. Unlike the rotational case, where a stagnation point flow was initiated by the
tension in the rotated field lines, the flow in this case is the result
of a build up in magnetic pressure. The outflow velocities along
the central current sheet are much larger in magnitude than the
inflow velocities, carrying field rapidly away, into the “reconnected” domains, which are here clearly visible above and below the current sheet. These current contours also show that the
current has a “top-hat” profile along the current sheet, i.e. the
magnitude of the current inside the sheet is fairly constant along
the line x = 0.5.
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Fig. 7. Contour plots of the current at z = 0.5 (central square of width 0.4) for Bbg = 0.05 at diﬀerent spinning (top) and rotating (bottom) angles.
The black line contours correspond to high values of the squashing factor Q.

When a background magnetic field is present, there is a continuous transition between the regions of diﬀerent connectivity
and hence, there are no real, distinctly separate flux domains.
In this case, an elegant way of identifying regions with a rapid
(rather than discontinuous) change in connectivity is evaluating
the degree of squashing, Q: regions of high Q-value are known
as quasi-separatrix layers (QSL’s), where the requirement of
a discontinuous jump in connectivity has been weakened to a
“large” change in connectivity (Priest & Démoulin 1995; Titov
et al. 2002). In Fig. 7, contours of current in the z = 0.5 plane
are again plotted for diﬀerent values of the (top) spinning and
(bottom) rotational angle. Over plotted are contour lines corresponding to high values of the squashing factor Q. Regardless
of the spinning or rotating angle and regardless of the type of
boundary motions, it is clear that currents build up in regions of
strong shear in magnetic connectivity. Only part of the structure
is visible in the Q-values in Fig. 7, as the tracing of the field
lines, on which the determination of Q is based, was only done
in one direction (from the mid-plane to the top boundary).
The graphs in Fig. 7 (left) show the structure of the central current sheet at an early phase of the experiment (spinning:
θ = 1.32 – rotating: θ = 1.54), i.e. before the onset of reconnection between the flux tubes. At this stage, we have a straight,
relatively narrow, central current sheet for the spinning case, and
a correspondingly narrow QSL. Early on in the rotational experiment however, the QSL is relatively broad. The figures on the
right show the change in the central current sheet after the onset
of reconnection (spinning: θ = 2.36 – rotating: θ = 2.87) and
there is now a clear diﬀerence between the spinning and rotating
experiments: the current sheet has bifurcated into a real x-type
configuration intersecting at a single point for the rotational driving. For the spinning of the flux concentrations, the current takes
on the shape of an “elongated” x-structure.
Let us now focus in more detail on these diﬀerences between
the rotational and spinning boundary driving. In Paper I, we saw

that the rotation of the flux concentrations leads to two, interlinking flux tubes, with a strong tension in the field lines, generating a stagnation point flow towards a relatively small, central
reconnection region. When the flux sources are spun rather than
rotated, this strong tension force does not build up and instead,
the field lines are driven towards the central regions by the increasing magnetic pressure. However, rather than acting towards
a single central region like the (rotational) tension, this increased
magnetic pressure results in a general expansion of the flux tubes
and thus, the pressure is (relatively) higher in the inflow regions
than in the outflow regions, which get compressed. Hence, the
central current sheet does not show a traditional, clear x-type
structure for the spinning of the footpoints but has been squashed
to resemble two y-points connected by the central current structure – i.e. this structure resembles the collapsed x-point as described by Green (1965) and Syrovatskii (1981). This diﬀerence
in the central current structures is clearly visible in Fig. 7.
Although the general, dynamical evolution is similar for both
types of boundary motions, the driving force of the reconnection
process (as described in the previous paragraph) and the spatial
extent of the reconnection region are quite diﬀerent. Figure 8
shows a top and side view of the numerical domain for both the
(top) spinning and (bottom) rotating of the flux concentrations.
Field lines still at their original connections are shown in yellow
and blue, whereas reconnected field is shown in green and red.
Also shown are contours of current in the z = 0.5 plane. Firstly,
comparing the top and side view again confirms that regions of
strong current coincide with a rapid change in the orientation of
the magnetic field lines, or regions of diﬀerent magnetic connectivity. This comparison also shows how, in this 3D configuration,
field lines can appear parallel from one line of sight, but strongly
sheared when viewed from a diﬀerent angle.
From looking at the top row of Fig. 8, it can be seen that
the extended width of the current sheet is the result of the compression of the central region between the two spun flux tubes.
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Fig. 8. The field line connectivity (viewed from above and the side) of the Bbg = 0.05 case for (top) the spinning driver at θ ≈ 2.36 and (bottom) the
rotating driver at θ ≈ 2.87. The yellow and blue field lines represent the original connectivity, while the red and green field lines have reconnected.
The contours represent the current at z = 0.5.

In this case, the reconnected field lines are forced out along the
current sheet, forming a small topological region. The current
structures at the edge of these regions show a very large opening
angle, representing the border between the diﬀerent regions of
flux connectivity. In comparison, the rotating experiment forms
a very narrow, localised current sheet, which in form resembles a
2D Petschek-reconnection scenario, with a narrow current sheet
and large extended slow mode shocks (Petschek 1964). The reason for the narrow current sheet is to be found in the twisting of
the field lines, generated by the specific nature of the boundary
motions; due to the rotating of the flux regions around one another, it is only possible for the current sheet to reach a limited
extent as it is constantly being squeezed by the flux structures
connecting the B1 to T 1 and B2 to T 2 flux regions. The diﬀerent structure of the topological domains is also outlined by the
structure of the QSL’s in Fig. 7. Keeping in mind that in these
figures only half of the QSL’s are visible, the same x-type and
elongated x-structure can be inferred for the rotational and spinning boundary motions, respectively.
Finally, we compare the build up of the maximum current
and Q-value for the four diﬀerent experiments. Figure 9 (top)
shows the evolution of the maximum current density in the central square of width 0.4 at z = 0.5 as a function of the angle θ, where the thick and thin lines correspond to the Bbg = 0
and Bbg = 0.05 case, respectively. Solid lines represent the spinning driver, the dashed curves the rotational driver. It is immediately obvious that the maximum current builds up much faster
(i.e. at smaller angles) and (initially) to higher values for the
spinning boundary motions, despite the fact that these boundary motions aﬀect a much smaller part of the magnetic domain and hence, less Poynting flux is injected into the domain
(see Sect. 6 for a more detailed description of the energetics).
However, looking at the nature of the boundary driving (see
Fig. 1) shows that the spinning of the flux concentrations results
in a very strong shear in the centre of the domain and hence,
a rapid build up of the current. When the field is rotated, the
driver does not aﬀect the central regions as much (see Fig. 1 in
Paper I), hence the slower build up of the central current sheet.

Fig. 9. (top) The maximum current, in the central square of width 0.4
at z = 0.5, as a function of the angle θ. The thick lines represent the
Bbg = 0 cases, the thin lines Bbg = 0.05. Solid lines correspond to
the spinning driver, the dashed ones to the rotational driver. (bottom)
Similar to the graph on the right but for the maximum Q-value (and
only for Bbg = 0.05).

However, as the rotating boundary motions continue, the field
lines associated with the flux tubes take on an increasingly helical shape. When they finally enter the central region (after the
background field has been removed), there is a large shear between the field lines associated with the two flux tubes, resulting
in a sudden, very rapid growth of the maximum current density.
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Fig. 10. The field line connectivity of one of the sources on the lower boundary, at diﬀerent spinning angles, for the dynamical evolution with
Bbg = 0 (top row) and Bbg = 0.05 (bottom row). The pale blue colour corresponds to field lines at their original connection, the dark blue shows
field lines that have reconnected to the other flux source whereas the red corresponds to field lines that are leaving through the sides of the box and
white are field lines connected to parts of the top boundary not associated with the flux concentrations.

The rapid build up of shear in the central region is reflected in the
strong growth of the Q-value in the spinning experiment (Fig. 9,
bottom), very soon after the onset of the boundary driving.
Similar to the current density, the Q-value in the central region
builds up later for the rotational driving of the flux sources.

5. Connectivity and reconnection rates
The evolution of the connectivity is studied in the same manner as in Paper I, namely following the method of Parnell &
Galsgaard (2004): a large number of field lines is traced from the
sources on the bottom boundary at every time step, which allows
us to calculate the amount of reconnected flux, assuming the flux
is frozen into the plasma. Figure 10 shows a series of snapshots
for both (top) the Bbg = 0 and (bottom) the Bbg = 0.05 case: field
lines have been traced from within a radius r0 of the centre of one
of the flux concentrations on the bottom boundary; if the traced
field lines end up within a radius 2r0 from the centre of a source
on the top boundary, we assume that they are connected to that
source. The footpoints of the field lines which remain at their
original connection are coloured pale blue, whereas the ones
that have reconnected to the other source on the top boundary
are dark blue. Field lines that are leaving through the (periodic)
side boundaries of the computational domain are shown in red
and finally, field lines that connect to parts of the top boundary
not associated with the flux concentrations (i.e. outside a radius
of 2r0 from the centre of both sources) are represented in white.
As described in Sect. 3, the potential evolution is of little interest when the flux concentrations are spun on the boundaries;
as the alignment of the flux sources on top and bottom boundary
remains the same, the connectivity of the field lines will remain
the same at all times. In terms of Fig. 10, the entire footpoint
would remain pale blue during the corresponding potential evolution. It is obvious that the dynamical evolution does show a
change in the footpoint connectivity, regardless of the presence
of a background magnetic field. Let us firstly focus on the top
row, i.e. on the Bbg = 0 experiment. Those field lines that are
closest to the central current sheet, along the entire width of the
current sheet will reconnect first. Due to the symmetrical nature
of the experiment, we expect that to be those field lines that are
closest to the location of the current sheet at diﬀerent heights

between the two driving boundaries. In the z = 0.5 plane, these
field lines will be the ones that were initially “facing” the other
flux tube, due to the anti-symmetric driving. The driving on the
two boundaries will make their footpoints counter-rotate and at
the time they reconnect, they will be registered to belong to a
particular region on the boundaries, namely the region that has
rotated with a given angle, corresponding to the time at which
reconnection occurs. Hence, if the onset of reconnection occurs
at a spinning angle θs , the footpoints of the first field lines to reconnect will be at the outer edge of the (left-hand-side) source
and rotated (anti-clockwise) roughly an angle θs away from the
right hand edge of the source (i.e. the point which at t = 0 faced
the other flux tube). For the Bbg = 0 case, the reconnection-onset
angle is θs = 1.46 and we see that the first cluster of reconnected
(blue) field lines does indeed occur near the top of the source,
i.e. roughly spun 90 degrees from the right hand edge of the
source. The reason for the spreading of the region that experiences a connectivity change along the outer edge of the source
arises from the reconnection taking place along a larger extent
of the height (z direction) of the current sheet. As the sources
are spun further, the amount of reconnected flux increases, with
the “dark blue” area (i.e. the reconnected flux) extending along
the edge of the source and towards the centre. Obviously, as the
boundary driving continues, this reconnected fraction not only
grows, but continues to be spun anti-clockwise. After a spin of
about θ ≈ 3, field lines (red) also start to reconnect through the
periodic side boundaries of the computational domain. The field
lines at the left hand side of the source were originally closest to
the boundary of the box and indeed, the red area is situated more
or less directly opposite from the dark blue area.
When a background field is present, the evolution of the footpoint connectivity is largely similar to the one described above
for the no-background experiment. Although the reconnection
between the two flux tubes starts slightly later, the amount of reconnected (dark blue) flux increases faster than in the Bbg = 0
case. In the earlier stages of the experiment most of the reconnected field lines connect to the other source, rather than the
background magnetic field. However, in the final stages of the
experiment, a large amount of (white) field lines have connected
to parts of the top boundary associated with the background
field (i.e. outside the 2r0 radius around both sources). Note also
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Fig. 11. The evolution of the flux (as a percentage of the total flux in
the source) remaining at its original connection (top) and reconnected
to the other source (bottom), as a function of the rotational/spinning angle. Solid and dashed lines represent the spinning and rotational experiments, respectively. Thick lines represent the Bbg = 0 case, thin lines
Bbg = 0.05.

Fig. 12. The Poynting flux as a function of spinning angle, for the case
Bbg = 0 (top) and Bbg = 0.05 (bottom).The dot-dashed line shows the
change in magnetic energy, the dashed line is the joule dissipation and
the dotted line represents the work done by the Lorentz force. The vertical dotted lines represent the angles at which reconnection starts, 25%,
50%, 75% and 100%, respectively, of the flux have reconnected in each
case.

that in the final image of the bottom row of Fig. 10 some pale
blue field lines appear again. These are field lines that have
reconnected again, and hence, have returned to their original
connection. Indeed, at around θ ≈ 5.2 all the flux in the
Bbg = 0.05 case has changed connection (see also Table 1) with
about 4% of the flux returning to its original connectivity by the
end of the experiment.
Let us now compare the evolution of the footpoint connectivity for both the spinning and rotational driving of the flux concentrations. As “reconnection” is instantaneous in the potential
approximation, the flux connectivity only depends on the relative alignment of the flux sources on the top and bottom boundaries. Hence, the spinning potential evolution is identical to the
initial setup at all times, whereas the potential evolution is cyclical in nature when the sources are rotated on the boundaries,
as the alignment changes cyclically. Figure 11 shows the dynamical evolution of the percentage of flux still remaining at its
original connection (top) and flux which has reconnected to the
other source on the top boundary (bottom), both as a function
of the rotating (dashed lines) or the spinning (solid lines) angle. The Bbg = 0 experiments are represented by thick lines, the
Bbg = 0.05 ones with thin lines. The onset of reconnection occurs slightly later for the rotational driver, regardless of the presence of a background field. Once started, the reconnection rate
appears fastest for the rotated experiment with an added background field and slowest for the spinning, no-background experiment. This is not entirely surprising, as it agrees roughly with
the amount of energy that is injected as Poynting flux through the
boundaries. The rotational driver aﬀects a much larger fraction
of the boundary and hence we expect the rotational experiments

to be more energetic than their spinning counterparts. This is
confirmed when comparing the rate at which the flux is reconnected (the thin – rotating – lines have a much steeper gradient
than the thick – spinning – lines in Fig. 11) and at this stage, the
rotated, background field case actually has the largest current in
the central region of the domain (see Fig. 9). Although starting
later for each of the drivers, the experiments with an added background field have the faster rate of reconnection for the same
reason: the entire boundary is now permeated by magnetic field
and hence, the boundary driving stresses a larger magnetic area,
again resulting in a higher Poynting flux being injected into the
system. Additionally, the confining eﬀect of the background field
results in a higher flux density as the flux tubes enter the central
current sheet. Hence, the current magnitude will be higher (see
also Fig. 9), resulting in a faster reconnection rate. Finally, we
note that the spinning, Bbg = 0.05 case is the only of the four
experiments where a small percentage of flux has returned to its
original connectivity before the end of the numerical simulation.
For the spinning Bbg = 0 case, the reconnected flux at the end of
the experiment (i.e. after a twist of θ ≈ 6.9) only adds up to 61%
of the total amount of flux in the source, implying that 39% (still
decreasing with time) remains at its original connection.

6. Energetics
To provide some additional insight into the dynamical evolution,
it is useful to study the energy flow in the system. The boundary driving results in a Poynting flux, injecting magnetic energy
into the system. The Poynting flux, as a function of the spinning
angle is plotted in Fig. 12 for both (top) Bbg = 0 and (bottom)
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Fig. 13. (Left) The change in magnetic energy (dot-dashed lines), the Joule dissipation (solid lines) and the work done by the Lorentz force (dashed
lines) as a function of the rotation (thin lines) or spinning (thick lines) angle, for both (top) Bbg = 0 and (bottom) Bbg = 0.05. (Right) The integrated
volume contributions, as a function of the integrated Poynting flux. Top no-background field – Bottom constant background field.

Bbg = 0.05. The overall behaviour of the Poynting flux is very
similar in both experiments but the magnitude of the Poynting
flux is about twice as large when a background field is present,
as the boundary driving aﬀects a much stronger magnetic field,
at large radii, in this case. The Poynting flux can be rewritten
as three volume contributions to the change in magnetic energy
density inside the 3D domain: the rate of change of the magnetic
energy (dot-dashed line), the ohmic heating (dashed line) and
the work done by the Lorentz force (dotted line). Qualitatively,
there are many similarities between the two experiments: the
boundary driving of the flux concentrations results in a constant increase in the magnetic energy. However, the rate of the
build up of magnetic energy slows down at the onset of reconnection (first vertical, dotted line), when some of the stress imposed on the magnetic field is released. As current concentrations form, the Joule dissipation builds up, slowly at first, but
more rapidly later on, when strong current concentrations are
present in the domain. Eventually, the Joule dissipation becomes
larger than the change in the magnetic energy. Throughout the
experiments, the total magnetic energy continues to increase, indicating that neither of the systems have reached a steady state
situation. The work done by the Lorentz force remains relatively
low and only shows a small overall increase throughout the experiments. Finally, we note that after about 75% of the flux has
changed connectivity (4th vertical, dotted line), the magnetic energy builds up faster again in the background field case, as the
driver now causes the newly reconnected field to become increasingly stressed and tangled.
Qualitatively, the overall behaviour of the energy flow is the
same for both types of footpoint driving, and a comparison is
made in Fig. 13. The graphs on the left show the evolution of the
three volume contributions to the Poynting flux, as a percentage
of the Poynting flux, whereas the figures on the right show the
same three contributions but now integrated, as a function of the

integrated Poynting flux. The ohmic heating is represented by
solid lines, the rate of change of the magnetic energy by dotdashed lines and the dashed lines show the work done by the
Lorentz force. Thick and thin lines correspond to the spinning
and rotating of the flux sources, respectively.
Let us firstly focus on the evolution of the energy contribution (as a percentage of the corresponding Poynting flux) simply
as a function of the angle θ for the no-background case (Fig. 13,
top left). The rate of change of magnetic energy (dot-dashed)
constitutes a much larger fraction of the Poynting flux for the
rotating experiments (thin lines), whereas the Joule dissipation
(solid lines) very quickly becomes larger in the spinning experiments (thick lines). This can be understood from the diﬀerent nature of the footpoint motions: the spinning of the flux concentrations causes a large shear at the centre of the domain and hence
the central current sheet, through which reconnection between
the flux tubes can take place, builds up very rapidly. Therefore,
the Joule dissipation quickly becomes the dominant component.
The rotational driving causes a much slower build up of the central current sheet and hence there is a much longer build up of
magnetic energy before it is released through magnetic reconnection. It is only then that the Joule dissipation forms a larger
contribution than the growth in magnetic energy in the rotational
experiments. When a background field is present (Fig. 13, bottom left), the changeover of the relative importance of the change
of magnetic energy and Joule dissipation does not seem to depend as strongly on the nature of the boundary motions (the
thick and thin, solid and dot-dashed lines all cross at approximately the same value of θ). However, there does seem to be a
diﬀerence in the relative importance of the diﬀerent components.
In particular for the rotated, background field experiment, the
vast majority of the Poynting flux seems to be in the rate of the
change of the magnetic energy, with very little going into Joule
dissipation (and the work done by the Lorentz force). Figure 13
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(right) shows the same three volume (integrated) contributions
to the Poynting flux, but this time as a function of the integrated
Poynting flux. Comparing the rate of change of the magnetic
energy and the Joule dissipation, we see that for the rotating experiments, the former is always larger, as expected from the nature of the two types of boundary driving. This diﬀerence is most
pronounced when a background field is added. For the spinning
motions, the Joule dissipation and the rate of change of the magnetic energy appear to form comparable contributions.
In summary, for small values of the rotating/spinning angle
(or a small amount of Poynting flux), a larger fraction of the injected energy is released as Joule dissipation in the spinning experiments. For the rotational footpoint driving, there is a much
larger (and longer) build up of magnetic energy before it is released through ohmic dissipation. We will elaborate on the consequences of these diﬀerences in Sect. 7, where we compare the
results of our 3D numerical simulations with the analytical study
of Priest et al. (2005).

7. Discussion
The study presented in this paper, together with the results from
Paper I, allows us now to compare the four diﬀerent experiments, namely rotational and spinning boundary driving of two
flux concentrations, both with and without an additional, constant background magnetic field. As pointed out several times,
the global, dynamical evolution of the four cases shows many
similarities: the boundary motions cause the magnetic field lines
to become increasingly twisted and tangled and this shear in the
magnetic field leads to the build up of a strong central current
sheet. Once strong enough, this central current sheet allows reconnection to take place and the field lines gradually change
connectivity. The Poynting flux injected through the boundaries
of the domain leads to an increase of both the magnetic energy
and the Joule dissipation (as well as a small amount of work
done by the Lorentz force) inside the computational domain.
Although the overall, dynamical evolution of the experiments
shows many similarities, there are some important, underlying
diﬀerences. These are found in particular in the structure of the
magnetic field, in the shape and the growth rate of the central
current sheet, the extent of the reconnection region at the centre
of the domain and in the timing and eﬃciency of the reconnection between the two flux tubes.
The large-scale, rotational motions break the symmetrical
alignment of the flux sources, leading to the build up of an increasingly twisted current sheet. The small-scale, spinning motions, on the other hand, preserve the initial alignment of the flux
concentrations on the boundaries and hence, generate a straight
current sheet at the centre of the domain. As the boundary driving continues, the Lorentz force generates a stagnation point
flow of the field towards the central region, where the tension
in the rotated field lines is the dominant component for the rotational motions and the magnetic pressure is the driving force
of this process for the spinning of the flux sources. Once reconnection starts, the central current sheet bifurcates into a distinct,
x-type configuration along the (quasi-)separatrix surfaces in the
rotational experiments. This x-structure is compressed into an
“elongated” x-type configuration (or two connecting y-points)
for the spinning motions, due to the strong pressure in the inflow
regions.
The eﬀect of an additional background field seems largely
the same, independent of the type of footpoint motion, namely
that these experiments tend to be more energetic. Firstly, the
added background field means that a higher amount of magnetic
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flux is present in the domain, regardless of the boundary driving. Secondly, the higher energies are a natural consequence of
the fact that the boundary motions aﬀect an area with a larger
magnetic flux and hence, a higher Poynting flux is injected
through the boundaries of the domain, leading to an increase in
the free magnetic energy that is available for release. For exactly the same reason, the rotating experiments are more energetic than the spinning of the footpoints, as the boundary rotation aﬀects a larger part of the domain (compare Figs. 1 in the
current paper and Paper I).
When comparing the diﬀerent types of footpoint motions,
an obvious question to ask is which one is the most eﬃcient.
Using a reduced MHD model, Priest et al. (2005) investigated
essentially the same experiments (although only for Bbg = 0)
analytically, in order to compare the energy storage and heating
that occurs at separatrix surfaces and separators. In their analysis, a separator current sheet forms due to large-scale, rotational motions and a separatrix current sheet due to small-scale
spinning of the sources. These authors concluded that, in general, coronal heating is of comparable importance at separators
and separatrices but in particular, that separatrix heating is more
eﬀective for small footpoint motions: the energy produced by
spinning the flux concentrations exceeds that generated by rotating them by the same angle, for small values of the spinning and rotating angle, respectively. Although the distinction
between “separator” and “separatrix” current sheets is no longer
valid in the fully dynamical evolution in our numerical study,
we can still compare the eﬀect of large and small scale boundary
motions. When looking at the build up of the maximum current in the central current sheet, the numerical simulations indeed find that the current builds up much more rapidly when
the flux concentrations are spun on the boundaries (see Fig. 9).
In other words, for small values of the angle θ, a higher current density is reached for the spinning of the sources. However,
for larger values of the rotating/spinning angle, the central current sheet becomes stronger for the rotational motions. Looking
at the energetics, as a function of the rotating/spinning angle
(Fig. 13, left), there is also a clear diﬀerence between the two
types of boundary motions. Although the change in magnetic
energy takes up a larger fraction of the Poynting flux for the rotational driving, relatively more energy is dissipated by the Joule
dissipation for the spun footpoints. However, we have to keep
in mind that for the same angle of spinning and rotating, less
Poynting flux is injected into the domain for the spin driving.
Hence, it is useful to also compare the amount of stored and released energy as a function of the total Poynting flux (Fig. 13,
right). For the same amount of injected Poynting flux, more
magnetic energy has built up for the rotational driving, but the
Joule dissipation (and hence the heating) is higher for spinning
of the footpoints. However, comparing the total Joule dissipation
for both types of footpoint driving (thick and thin solid curves,
Fig. 13, right), the diﬀerence is only about a factor of two,
when Bbg = 0. Qualitatively, this agrees with the conclusions
of Priest et al. (2005) that heating due to small scale (spinning)
and large scale motions (rotating) are of a comparable magnitude. When a background field is present, however, there is more
than an order of magnitude diﬀerence (factor of 15) between
the amount of Joule dissipation in the spinning and rotating
experiments. In this case, heating due to small scale footpoint
motions seems considerably more eﬃcient.
Although the experiments were designed specifically to investigate the eﬀect of diﬀerent types of footpoint motions, and
not to model any particular solar event, putting our results into a
solar context still provides some useful insights. The numerical
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Table 2. An overview of the time (in hours) at which various stages of the reconnection occur, for diﬀerent values of the additional background
magnetic field, Bbg and diﬀerent types of footpoint motions.

Onset of reconnection
25% reconnected flux
50% reconnected flux
75% reconnected flux
100% reconnected flux
End of experiment

Rotating
Bbg = 0 Bbg = 0.05
1.15
1.37
1.87
1.74
2.18
1.87
2.47
1.99
–
2.14
2.75
2.32

Spinning
Bbg = 0 Bbg = 0.05
0.85
1.08
2.00
1.67
2.86
2.05
–
2.47
–
3.05
3.99
3.77

simulations are done using a non-dimensional form of the
MHD equations and dimensional quantities can be obtained by
choosing three characteristic values and a set of scaling relations.
In Paper I, these three characteristic values were chosen as a unit
of magnetic field strength, B0 = 6 G, an electron number density, ne = 1015 m−3 and a unit of length, l0 = 77 Mm. Using
these values, the initial numerical setup corresponds to:
ρ(t=0) ≈ 1.7 × 10−13 kg/m3 ,
T (t=0) ≈ 8.3 × 105 K,
p(t=0) ≈ 2 × 10−3 Pa,
Bmax (t=0) ≈ 5.4 G,
Bbg (t=0) ≈ 0.3 G,
vdriver ≈ 9 km s−1 ,
r0 ≈ 5 Mm,
where Bmax is the maximum magnetic field strength of the
sources and r0 is the radius of the sources. To avoid needless
repetition, we refer the reader to the discussion section in Paper I
for the derivation of the above values. Density, temperature and
pressure correspond to typical (low) coronal values, whereas the
size and field strength of the flux concentrations are in the range
of X-ray bright points. The above set of initial values allows us
to compare the timing of the various phases of the reconnection
process in all four experiments. Table 2 provides an overview
of when (in hours since the start of the footpoint motions) the
diﬀerent stages of the reconnection process occur. For example,
the onset of reconnection takes place after 1.15 h when the flux
concentrations (Bbg = 0) are rotated on the boundaries, but after only 0.85 h for spinning motions. When a background field is
present, the onset of reconnection goes up to 1.37 and 1.08 h, for
rotating and spinning of the footpoints, respectively. Comparing
the two background field experiments, we see that 100% of the
flux has changed connectivity after just over 3 h when the footpoints are spun, but after only about two thirds of that time
(2.14 h) for the rotational footpoint driving.
Using the dimensional quantities and the information on the
energy flow in the system from Fig. 13, we can now compare
the energy that would be released by the reconnection process.
Obviously, we have to keep in mind that the resulting values will
depend strongly on our choice for the characteristic values, B0 ,
ne and l0 . For the current choice, the free magnetic energy is plotted as a function of time (in hours) for the four diﬀerent cases in
Fig. 14 (top). Depending on the presence of a background field
and the type of boundary driving, the amount of energy available
for release reaches values in the range of (1.26−5.37) × 1027 erg.
As we already know, the highest amount of free magnetic energy
builds up in the rotated, background field experiment, in the least
amount of time. A maximum of about 5.37 × 1027 erg is reached
after only 2.2 h. However, as the respective systems do not relax

Fig. 14. (Top) The free magnetic energy and (bottom) Joule dissipation
as a function of time where solid and dashed lines represent the spinning
and rotational experiments, respectively. Thick lines represent the Bbg =
0 case, thin lines Bbg = 0.05.

to an equilibrium state, not all of this available energy is actually
released. The amount of energy released through Joule dissipation is plotted in Fig. 14 (bottom), again as a function of the time
in hours. The amount of Joule dissipation for the diﬀerent experiments is in the (0.026−0.27)×1027 erg range and again the highest values are reached at the end of the rotated, background field
case. Integrated over time, the total amount of energy released by
Joule dissipation is about (0.51−1.47) × 1027 erg, which is of the
order of various small-scale heating events, such as X-ray bright
points (Parnell 2002). However, we remind the reader again that
the values quoted above depend strongly on the choice of the initial characteristic parameters, and additionally, that the amount
of dissipated energy depends on the form of the resistivity and
viscosity used in the numerical experiments (Mellor et al. 2005).
Finally, we point out that the experiments have some significant shortcomings, which were described in detail in Paper I. In
particular, our model atmosphere has an initially constant pressure and hence, the resulting plasma β values are much higher
than expected in the solar corona. This could be addressed by the
addition of gravitational stratification to the model, which would
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result in more realistic values of the plasma β throughout the domain. Although this is likely to aﬀect the reconnection outflow
velocities, we do not expect it to cause significant changes in the
global dynamical evolution of the various experiments. The periodic boundary conditions and the unrealistic, symmetrical alignment of the flux tubes could be seen as additional shortcomings
of our model.
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– When no background field is present, the heating (i.e. the energy dissipated by Joule dissipation) due to large (rotating)
and small scale (spinning) footpoint motions is comparable
in magnitude, which qualitatively agrees with the conclusions of Priest et al. (2005). However, when a background
field is added, heating due to small scale boundary motions
(spinning) seems substantially more eﬃcient (by an order of
magnitude).

8. Conclusions
This paper firstly concentrates on a qualitative description of
3D numerical simulations of magnetic reconnection, driven by
spinning of the footpoints of two adjacent flux tubes. The
counter-spinning of the flux sources on opposing boundaries results in a very rapid build up of a separatrix current sheet at the
central (quasi-)separatrix surface. This current sheet quickly becomes suﬃciently strong to allow reconnection to take place,
changing the connectivity of the footpoints.
The main aim of this paper is to compare the build up and
subsequent release of magnetic energy due to two diﬀerent types
of boundary motions, namely rotating (see Paper I) and spinning
of the flux concentrations. The main results of this comparison
can be summarised as follows.
– The nature of the footpoint motions determines the structure of the magnetic field and the shape of the central current sheet; rotation of the sources generates a twisted current
sheet, whereas spin motions lead to the build up of a straight
current sheet.
– The spinning of the footpoints results in a higher shear in the
central regions, leading to a faster build up of the amplitude
of the current density and the quasi-separatrix layers (when
Bbg  0).
– The driving force behind the reconnection process is dominated by the tension and magnetic pressure for rotating and
spinning, respectively.
– The spatial extent of the reconnection region is smaller in
the rotational experiments, with reconnection mainly taking place near the central separator, where the currents are
strongest. The separatrix current sheet in the spinning experiments has a relatively constant amplitude along its length, allowing reconnection to take place all along the current sheet.
– Although the onset of reconnection occurs sooner (at smaller
angles) for spinning motions, the reconnection process is
faster for rotational boundary driving.
– Generally, the rotational boundary motions and the addition
of a constant background magnetic field lead to more energetic events, as more Poynting flux is injected through the
boundaries.
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