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ABSTRACT

Context. Null points are often invoked in studies of quasi-periodic coronal jets, and in connection with periodic signals preceding
actual reconnection events. Although the periodicity of such events spans a large range of periods, most show 2-5 minute periodicity
compatible with the global p-modes.

Aims. We aim to investigate the viability of MHD waves, in particular acoustic p-modes, in causing strong current accumulation at
the null points. This can in turn drive localized periodic heating in the solar corona.

Methods. To reach this goal, we begin with a three-dimensional numerical setup incorporating a gravitationally stratified solar atmo-
sphere and an axially symmetric magnetic field including a coronal magnetic null point. To excite waves, we employ wave drivers
mimicking global p-modes. Using our recently developed wave mode decomposition technique, we investigate the process of mode
conversion, mode transmission, and wave reflection at various important layers of the solar atmosphere, such as the Alfvén acoustic
equipartition layer and transition region. We examine the energy flux distribution among various MHD modes or among acoustic
and magnetic components, as the waves propagate and interact with a magnetic field of null topology. We also examine current
accumulation in the surroundings of the null point.

Results. We found that most of the vertical velocity transmits through the Alfvén acoustic equipartition layer maintaining acoustic
nature while a small fraction generates fast waves via the mode conversion process. The fast waves undergo almost total reflection at
the transition region due to sharp gradients in density and Alfvén speed. There are only weak signatures of Alfvén wave generation
near the transition region due to fast-to-Alfvén mode conversion. Since the slow waves propagate with the local sound speed, they
are not much affected by the density gradients at the transition region and undergo secondary mode conversion and transmission at
the Alfvén-acoustic equipartition layer surrounding the null point, leading to fast wave focusing at the null point. These fast waves
have associated perturbations in current density, showing oscillatory signatures compatible with the second harmonic of the driving
frequency which could result in resistive heating and enhanced intensity in the presence of finite resistivity.

Conclusions. We conclude that MHD waves could be a potential source for oscillatory current dissipation around the magnetic null
point. We conjecture that besides oscillatory magnetic reconnection, global p-modes could lead to the formation of various quasi-
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periodic energetic events.

1. Introduction
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- Granular buffeting and turbulent plasma motions on the solar
surface excite a wide range of waves propagating through the
solar atmosphere, which is pervaded by magnetic fields (Spruit
A 19815 Volkmer et al.|1995; |Stangalini et al.[2014). The magnetic
. . field configuration influences the propagation, mode conversion,
— and dissipation of these waves. These intricate wave-related pro-
— cesses deserve to be studied in idealized setups with specific,
>< but representative magnetic field geometries. In an ideal MHD
setting, the triplet of slow, Alfvén, and fast waves from uniform
plasma settings allow for various linear wave transformations.

Khomenko & Collados| (2006) investigated the propagation
of fast magnetoacoustic waves from the photosphere to the low
chromosphere in an azimuthally symmetric flux tube resembling
a magnetic sunspot. They observed that depending on the fre-
quency of the incoming fast (acoustic) wave and the angle be-
tween wave vector and ambient magnetic field, the wave un-
dergoes partial conversion to a fast (magnetic) wave and par-
tial transmission to slow (acoustic) wave at the Alfvén-acoustic
equipartition layer, where sound and Alfvén speeds are equal
(Cally| 2005, 2006). The fast (magnetic) wave then travels up
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in the chromosphere and suffers from refraction and complete
reflection due to a vertical gradient in phase speed. The 2.5D as-
sumption made by Khomenko & Collados|(2006) precluded any
fast-to-Alfvén mode conversions and suggested that fast waves
are ineffective in heating the atmosphere as they are returned
back to the photosphere. [Popescu Braileanu & Keppens| (2021)
recently re-visited the fast-to-slow mode transmission in 2.5D
settings, extended with ambipolar diffusion effects due to the
partially ionized chromospheric regions. Rather short period fast
waves, traveling across the (inclined) field were found to damp
before they undergo reflection.

Fast-to-Alfvén mode conversion occurs at or above the turn-
ing height for fast waves, another key phenomenon of fast wave
propagation through the solar atmosphere. For a uniform in-
clined magnetic field, it is shown that this mode conversion is
most efficient for angles 6 between the magnetic field vector and
the vertical lying between 30° — 40°, and for angles ¢ between
the magnetic field vector and the wave propagation vector lying
between 60° — 80° (Cally & Goossens|2008; [Moradi & Cally
2013)). This conversion process drains energy from the reflecting
fast wave and changes its phase before it returns. Alfvén waves
generated by this conversion process travel upwards/downwards
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depending on the “field azimuth”, which is the magnetic field
orientation to the vertical plane of wave propagation (Khomenko
& Cally|[2012). Alfvén waves propagating upwards encounter
steep density gradients at the transition region and get partly re-
flected (Cranmer & van Ballegooijen!|[2005). However, a small
fraction of Alfvén waves escape through the transition region
and this has essential implications for coronal heating and solar
wind acceleration (Morton et al.|[2015)).

A null point in the coronal magnetic field configuration is
also a common component in MHD models invoked to ex-
plain coronal jet formation. Coronal magnetic field is dominantly
frozen into the plasma, however, strong currents are detected
at the quasi-separatrix layers and are reported to be respon-
sible for initiating coronal jets (Schmieder|2022)). Thus coro-
nal null points favor the occurrence of jets. In that context,
nonlinear MHD simulations investigate the process of induced
magnetic reconnection when such a magnetic topology is en-
ergized and often emphasize the null point role in coronal jet
formations (McLaughlin et al.|2009). In the process of mag-
netic reconnection, free magnetic energy is converted into ki-
netic energy of plasma and non-thermal particles get acceler-
ated (Priest & Forbes|2002). Though there are various observa-
tional and simulation studies suggesting magnetic reconnection
to be causing quasi-periodic coronal jets, several coronal obser-
vations prove the presence of a magnetic null topology before
coronal jet formation (Shibata et al.|1992; Moreno-Insertis et al.
2008; Schmieder et al.[2013)) indicating that magnetic reconnec-
tion need not necessarily be the source of quasi-periodic jets.
Joshi et al| (2020) compared and discussed coronal jets emerg-
ing from an active region using observational data from AIA and
IRIS. They showed that all six coronal jets in their study showed
pre-jet intensity oscillations at their base with oscillation periods
ranging between 1.5 to 6 min accompanied by smaller jets. Sim-
ilar periodic intensity oscillations have earlier been reported by
Bagashvili et al.|[2018| for quiet-region jets. Those periodic in-
tensity variations, with periods in the several-minute range, may
signal pre-jet conditions, which is yet another motivation for our
present study.

In the present work, we aim to investigate the implications
of mode conversion and mode transmission processes on current
accumulation and heating in the vicinity of a magnetic null point.
To this end, we extend our previous ideal 3D magnetohydrody-
namic (MHD) numerical study (Yadav et al.|2022) that put for-
ward a new MHD wave decomposition method and investigated
the interaction of waves generated by photospheric vortices with
a coronal null, which had an axially symmetric magnetic field
setup. Such a 3D null configuration is a common ingredient in
actual solar atmospheric magnetic topologies and introduces a
fan surface collecting field lines originating from the null, as well
as a (vertical) spine. When a magnetic dipole is nested within a
larger-scale domain of single polarity, a magnetic null point nat-
urally emerges. In our previous study, the applied bottom wave
driver was a spiral driver; most of the energy was in the form of
Alfvén modes that spread out the fan plane resulting in current
localization at the separatrices (Yadav et al.|2022)). In agreement
with earlier studies (Galsgaard et al.[2003} McLaughlin & Hood
2004), we found that currents are accumulated at the fan plane
that separates regions with different magnetic flux connectivity.
The rotational wave driver was motivated by the omnipresent
vortex flows, seen in both observations and simulations of pho-
tospheric dynamics (Brandt et al.[1988}; Wedemeyer-Bohm et al.
2012). Another omnipresent ingredient at photospheric layers is
the compressive p-modes, and here we study the interaction of
global p-modes with a null point configuration with the aim of
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investigating their role in oscillatory heating processes often ob-
served in the vicinity of magnetic null points.

We investigate the details of wave mode transformations
at the Alfvén-acoustic equipartition surface surrounding a null
point where sound speed (cy) is equal to Alfvén speed (v4). In-
spired by actual low plasma beta coronal conditions, most of our
simulation domain will have low beta values, implying negligi-
ble coupling between the three fundamental MHD modes. How-
ever, modes get coupled near the Alfvén-acoustic equipartition
layer which surrounds the coronal null region. Numerous numer-
ical studies investigated MHD wave propagation near nulls in
great detail over the past decade (Felipe/2012; Santamaria et al.
2015, 2017; Tarr et al.|[2017} [Tarr & Linton|2019). However,
most of these works did not pay much attention to mode con-
version surrounding the null point and excitation of fast-wave
there. [McLaughlin & Hood| (2006) investigated the propagation
of fast magneto-acoustic waves through a magnetic null point
in a 2D geometry, assuming uniform background pressure and
density. They found that waves undergo mode conversion at the
Alfvén-acoustic equipartition layer surrounding the null point.
Their study inserted fast mode perturbations from the top bound-
ary and neglected gravitational stratification and 3D effects. In
the current study, we generalize this setup to a 3D magneto-
static null with photosphere-to-corona conditions, insert acoustic
p-mode power at the bottom layers, and verify their conversion
to fast (magnetic) waves in the corona, and their ultimate trans-
formations/interactions near a null.

According to the polar diagram for the group velocities of
fundamental MHD modes, slow waves roughly follow magnetic
field lines while drifting somewhat from them. As a result, it
seems unlikely that a slow wave can reach the magnetic null
points. Whereas, fast waves can easily approach the null point
because they can propagate across the magnetic field lines. Ad-
ditionally, due to wave refraction, a fast magnetoacoustic wave
is drawn to the magnetic null point (McLaughlin & Hood| 2004}
Nakariakov & Melnikov[2009). Fast magnetoacoustic waves are
vastly observed in the range of 1-4 minutes and they are usually
found to be closely associated with flare energy releases (Liu
et al.[2011}, 2012; Kumar et al.|[2016). [Kumar et al.| (2017) in-
vestigated the impulsive phase of an M-class flare and reported
quasi-periodic rapidly propagating fast-mode waves with peri-
ods of 120 to 240 s and simultaneous quasi-periodic bursts with
periods ~ 70 and ~ 140 s, which are compatible with the second
harmonic of fast-wave periodicity. They showed that fast-wave
signals are not detected before the flare but are observed after the
flare has initiated at the null point and oscillatory signatures are
detected in the SXR flux. Thus, although fast wave focusing at
the null point could be a potential physical mechanism leading to
the quasi-periodic enhancement in the intensity at the null point,
their source of origin is yet not very clear.

Since fast waves could be generated by mode conversion
at the Alfvén-acoustic equipartition layer (Cally|2005} [2006), a
fast-mode MHD periodic wave, essentially excited due to mode
conversion of acoustic p-modes could be the source causing
quasi-periodic energetic events. To examine the role of the ubiq-
uitous p-modes in such periodic intensity enhancements, we in-
vestigate their interaction with a coronal magnetic null point. In
our 3D ideal MHD numerical experiment, we use a similar mag-
netic topology detected by Joshi et al.|(2020) and investigate the
linear wave mode conversion, transmission, and reflection pro-
cesses at various essential layers in the solar atmosphere. We in-
vestigate the role of acoustic p-modes in the generation of quasi-
periodic heating at the null points.
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The paper is organized as follows: we recall the numerical
setup in Section[2] We discuss the obtained results and their im-
plications in Section[3] We finally conclude in Section 4]

2. Numerical Setup

We use the open-source MPI-AMRVAC |'[ (Xia et al.|2018} [Kep-
pens et al.|2021}; [Keppens et al.[2023) code to perform simula-
tions using the same numerical setup as in |Yadav et al.[ (2022)
except for the profile of the velocity driver imposed at the lower
boundary for wave excitation. We refer the readers to|Yadav et al.
(2022) for more details on the numerical setup and the constant
magnetic flux surfaces selected for analysis. We recall that we
are solving the full nonlinear ideal 3D MHD equations, where
we solve for the deviations in pressure, density, and magnetic
field as compared to a magnetostatic 3D stratified equilibrium
that features an axisymmetric null configuration with a dome-
spine structure. The stratification goes from the photosphere to
the corona and has a temperature profile similar to a coronal tran-
sition region at 2-3 Mm height. In part of the later analysis, we
will look at wave variations that can be quantified on (axisym-
metric, nested) flux surfaces, where we differentiated a (red and
green) flux surface within the dome, from a (blue) flux surface
outside the dome.

In contrast to the previous work, we now modify the wave
driver profile but still locate it purely underneath the central part
of the dome (the dome has a roughly 12 Mm radius). We now
apply a wave driver in the form of a vertical velocity perturba-
tion that oscillates in time with a period of 4 minutes and extends
in a circular region of a radius of 1 Mm. It is chosen such that
it represents global p-modes and has the form v, = vy sin(wt)
where v9=20 m/s is the amplitude, w is the oscillation frequency.
The motivation behind employing the p-mode driver in this re-
gion is two-fold. Firstly, we intend to make a direct comparison
with our previous study and, therefore, employ the wave driver
with the same spatial extent. Secondly, p-modes are represen-
tative of convective phenomena that have typical spatial scales
of 1-1.5 Mm. It is important to note that acoustic waves with
higher and lower frequencies will have, correspondingly, smaller
and larger spatial scales (Yadav et al.|2021). Moreover, we took
a smaller amplitude of the driving velocity so that perturbations
remain smaller compared to the background quantities even after
the wave propagates through our gravitationally stratified atmo-
sphere. We do this to focus on the linear to the weakly nonlinear
regime, SO we can compare our results directly with our earlier
study (Yadav et al.[2022). This weakly nonlinear regime is also
relevant for the pre-coronal jet conditions, where similar period-
icities were reported. In comparison to our previous study (Ya-
dav et al.|[2022, we take a much smaller amplitude here such that
the MHD wave amplitudes in the higher layer remain in a similar
order of magnitude in both cases.

3. Results and Discussion

We first discuss the overall evolution of the waves as they travel
through our 3D stratified atmosphere, enriched by a magnetic
null topology. Note that the central field underneath the dome
has about 150 G strength near the photosphere, where the plasma
beta is above unity. A small high beta region also surrounds our
magnetic null, but most of the domain above 1 Mm height is in a
low beta state. In the discussion below, we will make use of our
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novel, field-line-geometry-based wave mode decomposition in-
troduced in our previous work (Yadav et al.[2022) to calculate
the velocity components associated with the three fundamen-
tal MHD waves. This will allow us to uniquely quantify slow,
Alfvén, and fast wave components, necessarily most accurate in
the low beta regions. We will thereby also compare the results
obtained with the rotational driver with the p-mode driver.

3.1. Wave mode conversion, transmission, and reflection

Fig[T|displays various time instants that illustrate the mode con-
version process near the Alfvén-acoustic equipartition layers and
at the bottom of the transition region (i.e. around 2 Mm above
the mean solar surface). Time evolves from the top row to the
bottom row. The left column displays the slow wave component
(acoustic) scaled in terms of +/PoCyViow, While the right column
displays the fast wave component (magnetic) scaled in terms of
\VPoVaVsasi, of the perturbation traveling upwards that is essen-
tially resulting from the vertical velocity perturbation imposed at
the lower boundary representing global p-modes. The left panel
in the top row shows that the perturbation is almost parallel to the
background magnetic field in the region of the applied driver and
undergoes almost complete transmission through the equiparti-
tion layer with minimal mode conversion. The right panel of the
top row shows a weak signal resulting from mode conversion
on the locations where the magnetic field is more inclined. At
a slightly later stage, at t=182.01 s, the slow wave signal grows
further, traveling with the local sound speed. However, the wave
signal in the right column is negligible. The third row from the
top corresponds to the snapshot at t=250.26 s. Here we see that
the slow wave travels much faster above 2 Mm than below it,
because the local sound speed increases after crossing the tran-
sition region. On the other hand, the fast wave undergoes almost
complete reflection near that height due to the very sharp density
and Alfvén speed gradients. The last row corresponds to an in-
stant when the upwards traveling slow waves encounter another
Alfvén-acoustic equipartition layer that surrounds the null. The
slow waves then undergo partial transmission and partial mode
conversion depending on the attack angle, that is, the angle be-
tween the incoming wave vector and the background magnetic
field. Since the background magnetic field is dominantly parallel
to the incoming wave vector, there is very little mode conversion
to a fast wave as seen in the right panel of the bottom row and
most of the perturbation transmits through the Alfvén-acoustic
equipartition layer without change in the acoustic nature of the
wave.

To better appreciate the difference in the wave mode evolu-
tions, we compare results with our earlier rotational driver with
the current vertical driver setup. Fig.[2]displays the scaled veloc-
ity perturbations associated with all three MHD waves, viz. slow
wave, fast wave, and Alfvén wave in the left, middle, and right
column, respectively, for the rotational driver (top row) and ver-
tical driver (bottom row). With the rotational driver, most wave
energy flux ended up in Alfvén waves, with a substantial frac-
tion of energy flux in the slow wave. Fast waves are generated
due to the mode conversion of slow waves at the Alfvén-acoustic
equipartition layers. Fast waves reflect and are trapped below the
transition region, with almost no accumulation of fast waves near
the null point (Yadav et al.|2022). In sharp contrast, for vertical
driving, most flux is in the slow mode, with negligible flux in the
Alfvén mode.

To visualize how the waves behave over the entire 3D re-
gion, we show the velocity perturbations in Fig. [3|in a three-
dimensional cross-sectional view of the domain. The upper panel
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Fig. 1. Slow and fast wave evolutions in a vertical cutting plane through the 3D null spine. Spatial maps of slow (left column) and fast (right
column) wave amplitudes (in terms of their associated wave energy fluxes i.e. jooC,Vsiow and j0oVaVyay) in the y = 0 plane at various time
instants (time evolves from top to bottom, mentioned on top of each panel). Yellow curves represent the Alfvén-acoustic equipartition layers while
the turquoise line displays the bottom of the transition layer at z = 2 Mm. Maps are over-saturated to bring out dynamics taking place close to

these crucial layers.

corresponds to rotational driving, while the bottom row corre-
sponds to vertical driving. The results are shown for one instant;
a movie for the time evolution during the full-time series is avail-
able as supplementary material. A few results can be straightfor-
wardly drawn from this figure. The bottom row confirms that the
slow mode is dominant, while exciting waves of modest ampli-
tudes in fast and Alfvén families with the vertical velocity driver.
There is negligible power in the fast mode in both cases. Most of
the wave power is in the Alfvén mode in the case of the rotational
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driver, while there is not much Alfvén power in the domain when
using a vertical velocity driver.

Finally, we can use the decomposition to quantify the energy
fluxes among the three MHD wave types, along the three pre-
viously discussed flux surfaces, using the method described in
our earlier work. Here we only analyze the vertical driver case,
the rotational counterpart is found in [Yadav et al|2022] Fig. 4]
compares the wave energy flux distribution among three MHD
wave modes (left column) as well as among acoustic and mag-
netic components (right column) for three selected constant flux




N. Yadav

and Rony Keppens

: Wave transformations near a coronal magnetic null-point

Fig. 2. Comparing the wave transformations between rotational and p-mode drivers. Maps of slow wave (left column), fast wave (middle column),
and Alfvén wave (right column) at one instant close to the end of our time series (i.e. ~ 47 minutes for both the simulations). The top panel shows
the distribution when applying a rotational driver at the bottom boundary, while the bottom panel corresponds to vertical velocity driving.

l\

Vias (M5) Vag (m/s)

‘ o |

Fig. 3. Velocity perturbations among slow, fast and Alfvén modes. Three-dimensional cross-sectional view at the end of our time series for slow
(left), fast (middle), and Alfvén wave (right). The top and bottom rows correspond to rotational and vertical driving, respectively.

surfaces (the surfaces are the ones shown in our current Fig. 2)).
From the left column, it is clear that most of the wave energy
flux is associated with the slow magneto-acoustic wave, which
is expected as our wave driver is in vertical velocity, and is al-
most parallel to the background magnetic field in the layers close
to the solar surface. Note that the green surface has the driver
directly acting near the leftmost s = 0 region. There, the ve-
locity perturbation is hence a longitudinal velocity vector cor-
responding to slow magneto-acoustic waves in low-plasma beta
regions. These are indicated by the region in between the two
yellow vertical lines in the top two rows of this figure. Since
the blue surface passes very close to the null point, we get clear
signatures of wave mode conversion there, seen in the obvious
transformations happening at s * 3 Mm. Energy flux available
in fast waves increases rapidly, while energy flux available in
slow waves decreases. For all surfaces, the energy flux associated

with Alfvén waves remains negligible compared to the other two
wave modes. Similarly, in the right column, we note that most of
the energy flux is acoustic flux, which is expected as slow waves
are of acoustic nature in the low plasma beta regions. Again, in
the case of the blue surface, the magnetic component of energy
flux increases, and the acoustic component of energy flux de-
creases close to the null point, which can be attributed to mode
conversion.

3.2. Current accumulation at the null point

Coronal null points are crucial from an energy perspective as
these are the locations where the Alfvén speed is zero, and waves
traveling with this speed can no longer propagate. Previous stud-
ies have shown that fast waves approaching the null point may
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Fig. 4. Energy flux comparisons for the three selected flux surfaces. The surfaces are indicated as background colors: red (top row), green (middle
row), and blue (bottom row). Left column: Energy fluxes associated with slow, fast, and Alfvén waves. Right column: Acoustic and magnetic
fluxes. The vertical lines represent the locations of the Alfvén-acoustic equipartition layer (yellow) and the transition region (turquoise).
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Fig. 5. Spatial map of the magnitude of current (time-averaged over three wave periods) shown for a y = 0 slice through the domain.

wrap around it and lead to an increase in current density at the
null point (McLaughlin & Hood|[2004; MclIntosh et al.|2011).
To verify this current accumulation in our numerical setup, we
calculated the time-averaged (over three wave periods) current
density shown in Fig. [5] for a vertical plane y = 0, where the
field lines are indicated in red. As expected, this vertical driver
now indeed leads to strong current accumulation around the null
point, which was absent in the case of the spiral driver (please
see Fig. 9 of|Yadav et al.[|2022|for comparison). Considering we
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did not include resistivity to allow a fair comparison to our pre-
vious setup used in|Yadav et al.[2022| the current buildup around
the magnetic null point suggests the potential for Joule dissipa-
tion and subsequent heating. We note that current accumulation
near the region where the driver is located is mostly due to fast
wave reflection happening there. Whereas the current accumu-
lation at around + 10 Mm is a boundary condition effect as the
fast waves generated near the null point, travel and get reflected
at the surface.
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Fig. 6. Time evolution of the square of the current density in the region
surrounding the null point.

Since the periodic wave driver causes the current to accumu-
late at the null point, we further looked into the potential heat-
ing signature and modulation in the thermal emission profile.
We integrate the square of the absolute value of current in the
surrounding region of the null point and plot its variation with
time as shown in Fig. [6] This quantity is directly proportional
to Ohmic dissipation and gives an indirect estimate of temporal
variation of plasma heating around the null point. These peri-
odic modulations in the magnitude of current around the null
might result in periodic variations in plasma temperatures. They
can be associated with quasi-periodic pulsations (QPPs) in so-
lar and stellar flares or similar periodic energetic events. Here,
it is important to note that the oscillation frequency of the cur-
rent magnitude is twice the frequency of the input wave driver.
The possible relationship between p-modes and the periodicity
of QPPs has been of great interest in the past few decades. There
is observational evidence that the energy of 3-min oscillations in
the active regions is significantly increased before the occurrence
of the solar flare occurs and associated light curves show pro-
nounced variations with similar periods and its higher harmonics
(Sych et al.|2009; |[Hayes et al.|[2019; [Kolotkov et al.|2015)).

4. Conclusions

Magnetic null points are one manifestation of the complex topol-
ogy of magnetic fields in the solar corona. They are the loca-
tions in space where the magnetic field vanishes. They are re-
garded as proxies for magnetic reconnection sites and current
dissipation. But due to their inherently three-dimensional nature,
it is difficult to investigate the process of magnetic reconnec-
tion and current dissipation around magnetic nulls using obser-
vations from one vantage point (Reep & Knizhnik|2019; (Cheng
et al.||2023). Statistically, eruptive events are encountered more
frequently in active regions with null points than without null
points (Barnes|2007). Thus, it is crucial to investigate MHD dy-
namics using state-of-the-art simulations to unravel the physical
mechanisms responsible for various processes associated with
coronal magnetic null points. To this end, we used our open-
source MPI-AMRVAC code to perform simulations of the solar at-
mosphere ranging from the photosphere to the solar corona such
that the atmosphere is gravitationally stratified and the magnetic
field has a complex topology representative of a coronal null
point.
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In observations, the periodicity of MHD waves is often
shown to be linked with the periodicity of quasi-periodic oscilla-
tions detected in intensity enhancements at the null point (Foul-
lon et al.|2005; [Van Doorsselaere et al. 2011 |Su et al.|[2012).
Nakariakov & Verwichte| (2005) attributed it to the influence
of external evanescent or leaking parts of the wave oscillation
that can reach the null point. Using MHD simulations (Chen &
Priest| (2006) demonstrated that five-minute solar p-mode oscil-
lations can also lead to periodically triggered reconnection and
thus transfer their periodicities in QPPs. Whereas, Murray et al.
(2009) investigated the emergence of a buoyant flux tube in a
stratified atmosphere permeated by a unipolar magnetic field
and reported periodic reconnection taking place as the system
searches for equilibrium. More recently, |Li et al.| (2023 showed
the formation of a null point as a result of the process of flux
emergence and investigated the associated reconnecting plas-
moid chains and the occurrence of multithermal jets. Thurgood
et al.|(2017)) demonstrated the interconnected nature of magnetic
reconnection and MHD waves. They showed that magnetic re-
connection at realistic 3D magnetic null points naturally pro-
ceeds in an oscillatory fashion, and produces MHD waves. There
are various other mechanisms proposed in the literature that can
explain the observed periodicity of intensity enhancements at
null points (e.g., see review by |McLaughlin et al.|2018). How-
ever, there is currently no consensus in the solar physics commu-
nity on a physical mechanism that can unambiguously explain all
quasi-periodic intensity variations at null points. In view of the
fact that their periodicity does coincide in order of magnitude
with MHD waves detected abundantly in the solar corona, we
examined the interaction of acoustic p-modes with coronal null
topology and investigated wave transformations in detail.

To replicate the effect of global p-modes, we employed a ver-
tical wave driver at the bottom boundary acting in the central re-
gion around the null spine. Since the background magnetic field
is mostly vertical in the wave excitation region, most vertical
velocity perturbation travels in slow waves. These slow waves
undergo secondary wave mode conversion at the Alfvén acous-
tic equipartition layer, generating fast mode that leads to current
accumulation at the null point. Fast modes generated at the first
equipartition layer get reflected back from the sharp density gra-
dients at the transition region and stay trapped below it. These
results indirectly indicate that fast waves that are often observed
at the null point have a different source of excitation rather than
mode conversion taking place at the Alfvén acoustic equiparti-
tion layer below the transition layer. We show that the fast modes
get focused at the null point and lead to localized currents, but
they are not generated below the transition region but in the sur-
rounding surface of the null point where another Alfvén acoustic
equipartition condition exists. Moreover, the periodicity of resis-
tive dissipation is compatible with the second harmonic of wave
driving, as has often been observed. Thus, we conjecture that al-
though the periodicity of quasi-periodic intensity enhancement
at the null point covers a vast range, it could possibly be deter-
mined by the dominant wave period excited at the solar surface.
It is worthwhile to mention here that the current accumulation
near the region where the driver is located is mostly due to fast
wave reflection happening there. Whereas the current accumu-
lation at around + 10 Mm is a boundary condition effect as the
fast waves generated near the null point, travel and get reflected
at the surface.

Moreover, QPPs are often shown to exhibit periodicity con-
sistent with higher harmonics of MHD waves (McLaughlin et al.
2009; Threlfall et al.|2012)). Analyzing the observations in X-ray,
microwave, and extreme ultraviolet bands for the decay phase of
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an X-class solar flare [Kupriyanova et al.|(2019) reported that the
second harmonic of the slow magneto-acoustic mode is the most
likely explanation for the observed periods of QPPs. However,
they could not verify the possible mechanism behind the inten-
sity enhancements at the periodicity corresponding to the second
harmonic. With the model presented here, we clearly demon-
strate that mode conversion of p-modes may lead to the genera-
tion of fast modes surrounding the null point. We expect that the
current fluctuations would produce intensity enhancement at the
second harmonic by joule dissipation, which needs to be con-
firmed by follow-up resistive MHD simulations which can be
used for synthetic views. One limitation of the current model
is that we dealt only with the linear regime of the MHD waves
so that we could directly compare our results with our previous
study (Yadav et al.|[2022). However, as a future step, it would
be interesting to see how the results obtained here modify in the
case of a nonlinear regime where we could also include the non-
ideal terms in our setup such as thermal conduction and radiative
losses.
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