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We present the detailed analysis of 11 transverse coronal loop oscillations in three events 

observed with the Atmospheric Imaging Assembly (AIA) instrument on board the Solar 

Dynamics Observatory (SDO) spacecraft. Detailed analysis includes analysis of the 

displacement time series, intensity variations and comparing EUVI and AIA data to estimate 

the 3D loop geometry.  

Time series analysis revealed periods between 1.7 and 10 min and damping times between 

2.9 and 13 min. Intensity variations are reliably observed for six of the loops and a 

comparison between EUVI/STEREO and AIA/SDO data is performed to simulate the 

polarisation of the kink mode. We conclude that the intensity variations are due to variations 

in the line of sight column depth of a horizontally polarised transverse loop oscillation. 

Coronal seismology of the kink mode was applied to determine the range of the internal 

Alfvén speed and the magnetic field strength for each loop. 

Where possible inclination angles have been 

estimated by comparing AIA data with EUVI data 

from the STEREO spacecraft. 

A loop path is chosen on the EUVI image (both 

171Å and 195Å were used) and the coordinates 

are projected onto the AIA image. The reverse 

process can also be done.  

The path is matched to a loop by changing the 

inclination angle until a good fit is observed. This 

technique also allows loop length estimates to be 

made. 

Inclination Angles Using SDO/AIA and STEREO/EUVI 

Left: EUVI image from STEREO A of Event 1 (active 

region NOAA 11079) with a chosen loop path plotted. 

Right: The path coordinates chosen on the EUVI image 

are projected onto the AIA image. The loop is assumed 

to be planar. 

• Coronal loops are magnetic flux tubes filled with heated chromospheric plasma. 

• Transverse oscillations are characterised by the displacement of the loop axis and are 

interpreted as fast MHD kink modes. [Aschwanden et al., 1999; Nakariakov et al., 1999]  

• Oscillations are excited by dynamic phenomena such as flares and CME’s. [Van Doorsselaere 

et al., 2007; Verwichte et al., 2009; Aschwanden & Schrijver, 2011] 

• TLO’s are often observed to damp on very short timescales. Possible damping 

mechanisms include phase mixing and resonant absorption. [Ruderman & Roberts, 2002; Goossens et 

al 2002; Aschwanden & Ofman, 2002]  

• Parameters such as the period and length of the loop can be used to derive coronal    

properties such as the magnetic field strength using the technique of coronal seismology. 
[Nakariakov & Ofman, 2001; Verwichte et al., 2004, 2010] 

Conclusions 

AIA Observations Intensity Variations Abstract 

Intensity variations are extracted along the time series points. They are reliably 

observed by eye for loops 2 and 3 in Event 1 and loops 1-3 and 5 in Event 3. The 

extracted relative intensity time series are analysed using the same procedure as for 

the displacement time series analysis.  

AIA/SDO 171 Å images of the three events indicating the loops of interest. Left: Event 1 (05:20 - 06:20 UT). White tick 

marks indicate the regions within which cuts are taken to study the oscillations of the four loops. Centre: Event 2 

(04:15 - 05:30 UT), two larger, fainter loops are studied. Right: Event 3 (12:10 - 13:10 UT), five loops are studied.  

• Performed the analysis of 11 coronal loop oscillations, determining periods, damping times 

and phases. 3D geometry was obtained for 6 loops using EUVI/STEREO. 

• Oscillations with periods of less than 2 minutes are observed. 

• Intensity oscillations reliably observed in 6 of the loops. 

• From visual inspection of the data sets and from modelling the oscillation of loop 2, Event 1, 

we conclude that the intensity variations are most likely due to line of sight effects of the 

horizontally polarised kink mode. 

• Coronal seismology of the kink mode is applied to the results. Field strengths between 3 

and 19 G are found, consistent with Nakariakov & Ofman (2001). 

11 loops in three events on the solar limb are observed to oscillate after a flare/CME event. 

AIA provides continuous full disk (41′ x 41′) images with a time cadence of 12 s, spatial 

resolution of 1.5′′ and a pixel size of 0.6′′. 

Time series parameters obtained from the analysis of the 11 observed coronal loop oscillations. 

Loop lengths have either been estimated from the EUVI-AIA comparison or by assuming that 

the loop is semi-circular and the height of the loop is equal to the radius. 

Time distance images extracted from cuts made 

perpendicular to the oscillations are obtained  

Where possible, a Gaussian plus background 

fitting technique is used to extract the time 

series, otherwise the time series is estimated 

interactively by eye. 

The background is subtracted by fitting a 3rd 

order polynomial function to the series and a 

damped cosine function is fitted to the result: 

Displacement Time Series Analysis 

Intensity oscillation parameters determined for each 

event. The intensity amplitude IA is the background 

subtracted intensity that has been normalised by the 

background. Results in brackets were not reliably 

observed in the time distance images.  

Time distance images taken from three cuts used to 

analyse loop 2 in Event 1. The images have been 

saturated to highlight the intensity variations along the 

loop. Loop 2 is the isolated loop above the bundle of 

loops. 

Intensity time series analysis for loop 2 in Event 1. The 

solid line shows the intensity time series which has been 

fitted with a damped cosine function (thick dashed line). 

The background subtracted intensity amplitude has been 

normalised by the background. The vertical dashed line 

indicates the reference time of 05:35:59 UT. 

Left: simulated difference image for the modelled horizontally 

polarised loop 2 from Event 1. Right: difference image of Event 

1. The dotted line indicates the solar limb.  

A comparison of the periods and 

damping times of Events 1, 2 and 3 with 

previous studies of transverse coronal 

loop oscillations and one prominence 

oscillation. The fit parameters are 

consistent with the resonant absorption 

damping mechanism ( ~ P). 

Comparison of TLO 

Events 

Event 1 (M1.0 GOES flare) 

Event 2 

Event 3 (C4.9 GOES flare) 

Transverse Loop Oscillations (TLO’s) 

EUVI/STEREO data is compared 

to AIA/SDO data to obtain three-

dimensional models of the loop 

geometry. We model the loop with 

a radius of 1 Mm and a density 

contrast of 10 with the background 

plasma and perturb the model loop 

to investigate both the polarisation 

of the oscillation and the intensity 

variations. We conclude that the 

loops are horizontally polarised 

and intensity variations are most 

likely due to line of sight effects. 
[Verwichte et al., 2009, 2010] 

Top: An example of a cut before a 2D Mexican hat wavelet transform 

was applied to enhance oscillatory features. Middle: The time series 

has been plotted on the wavelet enhanced cut. Bottom: The 

extracted loop time series fitted with a damped cosine curve. 


