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Table 1. Displacement oscillation parameters of the eleven loops studied, determined from the damped cosine fitting.

Event Loop L θ t0 P τ φ ξ0 Vph

(Mm) (◦) (UT) (s) (s) (◦) (Mm) (km s−1)
1 1 121 ± 2 38 ± 3 05:35:59 225 ± 40 240 ± 50 150 ± 70 3.26 ± 0.3 1080 ± 220

2 111 ± 6 26 ± 5 215 ± 5 293 ± 20 69 ± 10 2.76 ± 0.2 1030 ± 110
3 132 ... 213 ± 9 251 ± 40 80 ± 10 1.92 ± 0.1 1240 ± 140
4 113 ± 4 12 ± 3 216 ± 30 230 ± 20 121 ± 20 4.99 ± 0.3 1050 ± 170

2 1 396 ... 04:24:12 520 ± 5 735 ± 50 194 ± 3 1.88 ± 0.1 1520 ± 150
2 374 ... 596 ± 50 771 ± 340 170 ± 30 3.00 ± 0.1 1260 ± 160

3 1 279 ± 3 27 ± 1 12:13:36 212 ± 20 298 ± 30 20 ± 20 5.97 ± 0.3* 2630 ± 360
2 240 ± 4 29 ± 1 256 ± 20 444 ± 110 107 ± 20 7.76 ± 0.5* 1880 ± 250
3 241 ... 135 ± 9 311 ± 90 155 ± 60 3.40 ± 0.4* 3570 ± 430
4 159 ± 6 −17 ± 1 115 ± 2 175 ± 30 80 ± 20 2.63 ± 0.3 2770 ± 280
5 132 ... 12:14:36 103 ± 8 242 ± 110 135 ± 30 2.01 ± 0.4 2560 ± 330

Notes. * Indicates recorded amplitudes that are at the approximate loop apex positions.

Fig. 3. Automatically determined time series (solid line) for three of the
cuts taken to analyse loop 2 in Event 1 fitted with a damped cosine func-
tion (thick dashed line). Top: s = 16 Mm. Center: s = 21 Mm. Bottom:
s = 26 Mm. The errors on the fitting parameters are the errors given by
the fitting technique. The error bars on each plot show the typical size
of the error in the loop position. The displacement amplitude has been
normalised by the loop length. The vertical dashed line indicates the
start of the oscillation at t0 = 05:35:59 UT.

amplitudes determined for each loop from the damped cosine
fits. They do not necessarily represent the maximum amplitudes
found at the apex position. The errors quoted for the periods,
damping times and phases are determined by taking the stan-
dard deviation of the parameters obtained in each cut because
the values from the different cuts do not lie within each others
error bars (Verwichte et al. 2004; Van Doorsselaere et al. 2007).
For loop 1 in Event 2 only one cut is analysed therefore the pa-
rameter errors quoted are those returned by the parameter fitting
technique. Phase speeds are also calculated since Vph = 2L/P for
a fundamental of the kink mode where L is the loop length. For
the phase speed calculations a 10% error on L was assumed. The

loop lengths that have quoted errors have been determined by
comparing EUVI with AIA data (see Sect. 4). In these cases the
error is a measure of the precision of the method repeated sev-
eral times rather than a measure of the accuracy and so a 10%
error was used for the phase speed calculations. For the remain-
ing loops the length has been determined by assuming that the
height of the loop is equal to the radius of a semi circle. We now
discuss each event in more detail.

3.1. Event 1

Three cuts are made to analyse loops 1 and 3, five cuts are made
to analyse loop 2 and two cuts are made to analyse loop 4. The
periods observed are between 3.5 and 3.75 min and the damp-
ing times, which are close in value to the periods, show that
these loops undergo rapid damping. Problems were encountered
when trying to obtain the time series for loops 3 and 4 as these
loops appear to be part of a loop bundle consisting of several
overlapping loops or loop strands with slightly different periods.
To identify these loops and to obtain an estimate of the loop
parameters, the method described above of plotting a marker
on each of the images was applied. Estimating the loop length
from the height of the loop for loops 1, 2 and 4 gives values of
132 Mm, 126 Mm and 132 Mm respectively. This corresponds to
percentage differences of 8%, 13% and 16% with the estimates
from the EUVI/AIA comparison shown in Table 1. Using these
lengths, the phase speeds become 1170 ± 240 km s−1, 1170 ±
120 km s−1 and 1220 ± 210 km s−1 respectively. It is expected
that the lengths obtained using the EUVI/AIA comparison are
more accurate than those from the height estimates because the
loops are observed on the limb and the lengths are determined
using information of the 3D loop geometry.

3.2. Event 2

Two larger loops with periods of just under 10 min and damping
times of just under 13 min are observed. Because of the low con-
trast of the loops with the background and the gentle oscillations,
the results are only obtained from one cut for loop 1 and two cuts
for loop 2. The error on the loop length is expected to be at least
10% because the height of the loop was difficult to estimate and
a comparison with EUVI data could not be performed as the
loops are not observed in these images. Periods, damping times,
and phases of the two loops are similar to each other. There have
been few observations of loops with periods around 10 min but
the results of Event 2 are consistent with these previous studies
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Damped transverse coronal loop oscillations

Analysis of large number of events

Empirical relationship between the 
damping and the oscillation amplitude

Nechaeva et al. (2019)

Resonant Absorption (RA)

Nonlinear Damping (NL)
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Evidence

Marginal likelihood is a measure of relational evidence

Bayes Factor is a measure of relative evidence

Bayes factor Evidence

0 - 2 inconclusive

2 - 6 positive

> 6 strong

> 10 very strong
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Application to SDO/AIA loop oscillations
Bayes factor for 101 oscillation events in the catalog by Nechaeva et al. (2019)
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Application to SDO/AIA loop oscillations
(bayesian) results for all 101 oscillating loops

# cases

49

6

38

8

87

14

}

}

(frequentist) 
statistics

Nonlinear damping is a plausible explanation for the observed properties of damped 
transverse coronal loop oscillations


