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Cross-correlation in polar coordinates 
 
In Supplementary Figure 1 we plot the image representation in polar coordinates and the bands (dashed red 
lines) used in the cross-correlation to measure the torsional oscillations of the two lobes of the magnetic 
structure.  
The centres of the polar coordinates are represented by the black crosses in Fig. 1a. 
As already mentioned in the Methods section, the torsional oscillations of the magnetic structure result in 
horizontal shifts in polar coordinates.  
 

 
Supplementary Figure 1: Circular polarization maps and cross-correlation in polar coordinates.  
Circular polarization maps of the left (left panel) and right (right panel) lobes of  polar coordinates, centred on the red 
crosses indicated in Fig. 1a, 30 minutes after the start of acquisition. The dashed horizontal lines mark the region taken 
into account for the identification of the torsional displacement of the structures and denote the boundaries of the 
magnetic region. 
 
 
 
MHD Simulations  
 
In Supplementary Figs. 4 and 5 we show the unperturbed background magnetic field, density and temperature 
stratification respectively, which are used in the simulation domain and are described in the Methods section. 



 
Supplementary Figure 2: Magnetic field configuration in the simulation domain.  
A diagram of a typical magnetic field configuration shown as a vertical slice of the field through the central origin. The 
white lines represent the magnetic field lines whilst the shading is the magnetic field potential. 
 
 
 
 

 
 
Supplementary Figure 3: Density and temperature profiles in the simulation domain. 
Initial density (left) and temperature (right) profiles for the simulation shown as a vertical slice through the central origin. 
Density decreases exponentially with height and temperature increases exponentially with height. The denser, cooler flux 
tube is in the centre of the domain. 
 
 
At the density inhomogeneity within the flux tube transverse wave modes are coupled to the  m =1 torsional Alfvén 
mode through resonant damping similar to the coupling of kink modes to the m =1 Alfvén mode described in 3. A 
typical result shown here (Figure 1c) demonstrates the formation of two counter-rotating oscillations either side of 
the flux tube. 
The oscillations in the velocity and magnetic fields at a height of 500 km above the photosphere are shown in 
Supplementary Figure 4. In these figures, the two counter-rotating oscillations in the velocity and magnetic fields 
are readily identifiable. Supplementary animations have also been developed that reveal the dynamics of these 
oscillations (see online movies). 



 
 
Supplementary Figure 4: Horizontal velocity and magnetic field perturbations.  
Plots showing transverse perturbations to the velocity (left) and magnetic field (right) at 500 km above the photosphere. 
The perturbations are represented as partial streamlines and partial field lines respectively. The blue background shading 
is a density contour showing the position of the higher density flux tube in the centre of the domain. 
 
Following these initial results, the simulations were repeated with a wider domain of 16 Mm x 16 Mm x 3 Mm in 
order to capture the torsional waves as part of the wider magnetic structure. The oscillations in the velocity and 
magnetic fields, at a height of 500 km above the photosphere, are shown for this simulation in Supplementary Fig. 
5, in this case over a contour of the magnetic field strength. These images confirm that the torsional Alfvén waves 
are contained within a region of higher magnetic field strength, just as found in the observations. 
 
 

 
 
Supplementary Figure 5: Horizontal velocity and magnetic field perturbations over magnetic field contour. 
Plots showing transverse perturbations to the velocity (left) and magnetic field (right) at 500 km above the photosphere. 
The perturbations are represented as partial streamlines and partial field lines respectively. The background shading is 
a magnetic field strength contour showing the position of the torsional waves within the central region of higher magnetic 
field strength. 
 
The results demonstrate a possible formation mechanism for the pair of large scale non-axisymmetric torsional 
Alfvén modes detected in the chromosphere. The simulation shows that |m|=1 Alfvén modes like those detected can 
be generated from simple transverse plasma oscillations at the photosphere interacting with an inhomogeneity such 
as a higher density magnetic flux tube. 
 
In Fig. 4 we show the density contrast at a time step in the simulation. Being aligned to the y-axis, the density 
fluctuations appear mostly linked to the horizontal displacement of the tube, due to the forcing action of the driver, 
which is indeed in the same direction. It is worth noting that, in correspondence with the subsequent torsional 
motions that arise from the coupling with this mode and indicated by the arrows, we do not observe comparable 



density fluctuations, meaning that the torsional motion itself is nearly incompressible, thus further supporting our 
interpretation in terms of TAWs. 
 
 
This can be also better seen in Supplementary Fig. 6, where we show the temporal evolution in polar coordinates of 
the density perturbations along annulus at R=2 Mm (see panel c). In the same figure, we also show two single 
snapshots corresponding to a maximum (panel a corresponding to t1) and a minimum (panel b, corresponding to t2) 
density perturbations associated to the kink motion. Please note the different scaling of the color map to highlight 
the possible presence of small amplitude density fluctuations. 
 
In particular, even when the perturbations owing to the kink mode are at minimum, one does not observe comparably 
large density fluctuations associated to the rotational patterns.  
 

 
Supplementary Figure 6: Density fluctuations 
Density fluctuations at 500 km above the photosphere at two time steps, t1 and t2 , corresponding to a maximum (panel a) 
and a minimum (panel b) of the density perturbation associated to the kink motion respectively. Panel c depicts the 
temporal variation of the density perturbations along the annulus with R=2 Mm. Here we use polar coordinates 
originating at +x-axis and increasing clockwise. The plot shows that the density perturbations are mainly oriented north-
south, as the driver. Please note the different scaling of the color map to highlight the possible presence of small amplitude 
density fluctuations. 
 
Further evidence that the density perturbations are associated with the kink mode is given by the fact that the 
maximum relative density perturbation at 500 km height is approximately 0.6. This coincides well with R/L, the 
radius over length, ratio (R = 2 Mm, L = 3 Mm) predicted by  analytic theory of kink mode oscillations4. 
 
Incompressibility of the observed torsional oscillations 
 
Finally, in order to check incompressibility of the torsional oscillations, in Supplementary Fig. 7 we show the power 
spectrum of the intensity fluctuations in two locations close to the boundary of the structure. It is seen that the power 
spectrum does not show the same series of harmonics seen in velocity, thus supporting the interpretation in terms 
of TAWs. 



 
Supplementary Figure 7: Intensity oscillations  
Power spectrum of the intensity fluctuations in the core of the Fe I 617.3 nm spectral line (left) at two locations shown in 
the right panel (black crosses). 

 

Energy flux estimate 

In order to estimate the energy flux without making use of any assumption or model, the magnetic field and the 
plasma density values are estimated directly from the data. In Supplementary Figure 8 we show the probability 
density function of the magnetic field and plasma density as obtained from COG method and spectropolarimetric 
inversions (see Methods). These are estimated in the annular region used in the analysis of the torsional oscillations. 

 

Supplementary Figure 8: Estimated density and magnetic flux in the magnetic pore.  
Probability density function of B (upper panel) and plasma density (lower panel) in the two annular regions considered. 
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