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ABSTRACT

The first analysis of a transverse loop oscillation observedby both STEREO spacecraft is
presented, for an event on the 27th of June, 2007 as seen by the Extreme UltraViolet Imager
(EUVI). The three-dimensional loop geometry is determinedusing a three-dimensional recon-
struction with a semi-circular loop model, which allows foran accurate measurement of the
loop length. The plane of wave polarisation is found from comparison with a simulated loop
model and shows that the oscillation is a fundamental horizontally polarised fast magnetoacous-
tic kink mode. The oscillation is characterised using an automated method and the results from
both spacecraft are found to match closely. The oscillationperiod is 630±30 s and the damping
time is 1000±300 s. Also, clear intensity variations associated with thetransverse loop oscilla-
tions are reported for the first time. They are shown to be caused by the effect of line-of-sight
integration. The Alfvén speed and coronal magnetic field derived using coronal seismology are
discussed. This study shows that EUVI/STEREO observations achieve an adequate accuracy
for studying long-period, large amplitude transverse looposcillations.

Subject headings: MHD, Sun: corona, magnetic fields, oscillations, waves

1. Introduction

Magnetohydrodynamic (MHD) waves and oscillations are ubiquitous in the solar corona as is evident
from the numerous observations using space-borne and ground-based instruments (e.g. Tomczyk et al.
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2007). Transverse oscillations of coronal loops are of particular interest (e.g. Aschwanden et al. 1999a;
Nakariakov et al. 1999; Verwichte et al. 2004; De Moortel & Brady 2007). They are interpreted as fast
magnetoacoustic kink oscillations (Nakariakov et al. 1999; Van Doorsselaere et al. 2008c). Through the
application of the technique of coronal seismology (for a review see Nakariakov & Verwichte 2005), they
allow us to measure the coronal magnetic field (Nakariakov & Ofman 2001) and loop structuring (e.g. An-
dries et al. 2005; Dymova & Ruderman 2006; Dı́az 2006; McEwanet al. 2008; Verth & Erdélyi 2008; Van
Doorsselaere et al. 2008d). Furthermore, because of the observed rapid damping, they provide a rich test
bed for coronal wave theories such as resonant mode conversion (Ruderman & Roberts 2002; Arregui et al.
2008; Goossens et al. 2008) or wave leakage (Brady & Arber 2005; Mikhalyaev & Solov’ev 2005; Verwichte
et al. 2006a,b; Terradas et al. 2006).

Transverse loop oscillations have mainly been studied in imaging data from the Transition Region And
Coronal Explorer (TRACE) (Aschwanden et al. 2002). Here, for the first time an observation of a transverse
loop oscillation seen by the Extreme UltraViolet Imager (EUVI) on board the two Solar TErrestrial REla-
tions Observatories (STEREO) is analysed. Admittedly, EUVI seems at first glance not to be best suited for
studying such type of oscillations because of a spatial resolution three times lower than TRACE and a tem-
poral resolution of 2.5 minutes. The typically observed period is 5 minutes and only in a few cases are there
reports of periods above 10 minutes (Aschwanden et al. 2002;Foullon et al. 2005). However, contrary to
TRACE, EUVI observes the full disk and will be able to see all events within the detectable parameter range.
Also, the combination of images from two different perspectives allows for the three-dimensional investi-
gation of oscillating coronal structures (Aschwanden et al. 2008). An improved determination of the loop
length will reduce the error in the seismological determination of the coronal magnetic field. Lastly, two
viewpoints can help to minimise errors in density measurements from line-of-sight background subtraction.

Section 2 introduces the EUVI observations and the oscillating loop event. In Sect. 3 the method to
determine the three-dimensional (3d) geometry of the loop is explained and applied. Also, the polarisation
of the observed loop oscillation is examined. In Sect. 4 the oscillation time series are analysed in detail.
Finally, in Sect. 5 the results are discussed.

2. Observations

The active region NOAA 10962 is studied on the 27th of June, 2007 between 17:30 and 18:50 UT using
the EUVI instrument. It is part of the Sun Earth Connection Coronal and Heliospheric Investigation (SEC-
CHI) instrument package (Wülser et al. 2004; Howard et al. 2008) on board the two STEREO spacecraft
Ahead (A) and Behind (B). These two spacecraft observe the Sun from two different vantage points along
the Earth orbit. At the date of the observation, they were separated by 15.4 degrees. The two spacecraft
are only a few degrees above the ecliptic plane. Therefore, the separation in longitude is similar,i.e. 15.2
degrees. EUVI takes full disk images approximately every 2.5 minutes in the EUV 171Å bandpass, which
is sensitive to coronal plasmas with temperatures of around0.9 MK. The CCD image pixel size is 1.59”.
Because STEREO A & B are at different distances from the Sun, 0.96 and 1.08 AU, the projecteddistance
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on the Sun of one pixel is 1100 and 1240 km, respectively. The STEREO B data is rescaled and aligned
to match STEREO A. STEREO B takes observations with a one minute delay compared with STEREO A
to compensate for the difference in light travel time from the Sun to the spacecraft. For this observation no
complementary data from TRACE or Hinode is available.

NOAA 10962 is an old, extended active region in which the magnetic surface fluxes of opposite po-
larities are well separated by approximately 10 degrees in longitude (McIntosh classification Axx). Hence,
the coronal loops in the active region have a simple bipolar structure with the loop arcade axis orientated
North-South (see Fig. 1). The active region is seen on the east solar limb in both instruments. STEREO B
has the most favourable viewing angle of both spacecraft. Between 17:49 and 18:03 UT GOES recorded a
C1.3 class flare from the active region (also seen by RHESSI).This flare perturbs the active region and a
transverse oscillation is excited in the southern part of the loop arcade. In particular a bundle of loops oscil-
lates collectively with a period of around 10 minutes and which remains visible for roughly three oscillation
periods, as seen in Fig. 2. We shall study this oscillation indetail. From now on we shall for simplicity
denote the loop bundle as a loop.

3. Loop geometry

The main advantage of the STEREO mission is the ability to perform a 3d reconstruction of coronal
and heliospheric structures. For seismological purposes the loop length and the loop plane are of primary
interest. Therefore, we decide to fit a semi-circular model to the observed loop. Such a loop model de-
pends on five parameters: longitude and latitude of the circle centre, loop radius,R, azimuth angle between
loop footpoints and north-south line,α, and the loop plane inclination with respect to the solar surface,θ.
Fixing the location of the footpoints constrains all parameters except for the loop inclination. This angle
is determined by forward modelling the semi-circular loop in both STEREO images for varying inclination
angles and matching it with the observations by eye. However, because the loop is seen over the limb in both
spacecraft, the loop footpoints cannot be located in the images with any degree of accuracy. This hampers
a direct reconstruction using the technique outlined in Aschwanden et al. (2008). Instead of systematically
scanning all possible footpoint locations, we propose to make an informed guess of the likely location of
the footpoints by looking at a STEREO B image of the same active region taken three days later (see Fig.
1). The same loop is not visible but we assume that the global basic magnetic topology of the active region
remains similar, with footpoints of loop bundles seen then as candidate locations. A guess set of footpoints
is selected and their coordinates transformed (rotated) tothe situation three days earlier. It is then verified
if a match can be found between the loop model based on these footpoints and the observed loop. If no
satisfactory match is found, new footpoints are selected and the process is repeated. In this fashion a loop
model was fitted to the loop observed by both STEREO spacecraft. The loop parameters found are:R =
110 Mm,α = 71◦ measured from North clockwise andθ = 27◦ southwards with respect to the solar surface
normal. In order to clearly show the loop geometry, the loop is shown in Fig. 1 as it would have appeared
three days later on disk.
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Because the loop length,L(= πR), is an important physical quantity for the seismological interpretation
of the loop oscillation, the error onL is estimated by repeating the footpoint selection process multiple times
in an area equal to the size of a local arcade footpoint, i.e. about 30 arcsec wide. The standard deviation of
the found values is used as an estimate of the error on the looplength. Thus, the loop length is determined
to beL = 340±15 Mm. The relative error on the loop length is 4%. Any departures of the true loop shape
from semi-circular is of course not included in the error estimates. But since Nakariakov & Ofman (2001)
this source of error is known to be relatively unimportant.

The robustness of the reconstruction method used here has been verified by an independent 3d re-
construction using a stereoscopic triangulation method that is not constrained to a semi-circular model and
which was developed after submission of this paper (Aschwanden 2009). In this method both STEREO im-
ages are aligned such as to make the horizontal direction liein the epipolar plane (determined by the Sun and
the STEREO spacecraft). Thus, the same (epipolar) point in both images has the same vertical coordinate in
each image. The three dimensional loop coordinates of each point are determined from the measurement of
the horizontal parallax. Nine epipolar loop points have been selected and the loop is reconstructed using a
cubic spline fitting. The parameter values found using this method are consistent with those deduced above
(eventhough there are expected differences in the detailed loop shape). In particular, the determination of
the loop length, which is an important ingredient for seismological derivations, is confirmed. Comparison
between the semi-circular loop model and this method explained below suggests that the loop length error
is around 10%.

Using the reconstructed loop geometry we can simulate how a kink mode appears in the difference
images, depending on its mode of polarisation and its harmonic (Wang & Solanki 2004). Figure 4 shows
a simulated difference image for horizontally and vertically polarised fundamental modes (n=1) and their
second harmonic (n=2). We compare the simulated images with Fig. 2. The observedoscillation mode re-
veals a typical brightness pattern in the difference images: opposite brightness between the inner and outer
edges as well as between the two loop legs. The fundamental horizontally polarised kink mode and the
vertically polarised second harmonic kink mode can reproduce this pattern. However, the fundamental hor-
izontal mode is the more likely candidate from visual inspection of the data movie (see additional material).
Additional reasons will be given in Sect. 5.

4. Analysis of the oscillation

For each data set, the relevant parameters describing the loop oscillation are determined automatically
in the following manner. A linear path is taken that is centered on the loop top and parallel with the projected
direction of polarisation of the loop oscillation as determined from the simulation discussed above (see Fig.
3). Note that the projected direction is approximately along the loop axis. The data is then averaged over
the path width (9 pixels wide). In the resulting intensity profile, the location of the loop top is determined
by fitting a Gaussian. The path profiles and the loop top locations as a function of time are shown in Fig. 5.
Next, from the time series of the loop top locations, a quadratic trend is subtracted, which yields the time
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series of the projected loop top displacement,ξproj(t). Because the angle of the loop plane with respect to
the plane of the sky is known, the real loop top displacementξ(t) is calculated to beξ(t) = ξproj(t)/ cosχ
whereχ is the angle between the loop plane normal and the plane of thesky and is equal to 23◦ and 14◦ for
STEREO A and B, respectively.

The loop top displacement time series is fitted by a damped oscillation of the formξ(t) = ξ0 exp(−(t −
t0)/τ) cos(2π(t − t0)/P + φ) where the fitting parametersξ0, P, τ andφ are the displacement amplitude,
oscillation period, e-folding damping time and phase, respectively. The start time of the fit,t0, is set equal
to 18:01 and 18:02 UT for STEREO A and B, respectively. The velocity amplitude corresponding to the
displacement amplitude isV0 = 2πξ0/P. For the fit a displacement error is included that corresponds to
the maximum between the error of the Gaussian loop top localisation and the distance corresponding to
one instrument pixel size (which slightly differs between STEREO A and B). The fit is performed using
a Levenburg-Marquardt least-squares minimization technique (Moré & Wright 1993), implemented in the
Interactive Data Language by Markwardt (2008). The errors on the fitting parameters are the formal one
sigma errors computed from the covariance matrix. The fittedprofiles are shown in Fig. 5 and the determined
oscillation parameters are listed in Table 1. Both instruments (viewpoints) give a mutually consistent answer.
Therefore, the measured oscillation parameters are r.m.s.averaged (also shown in Table 1), which reduces
the error.

The found parameter errors are similar to studies with TRACE. In order to compare the obtained pa-
rameter accuracy with studies such as Van Doorsselaere et al. (2007), the parameter values and errors are
also estimated using a randomisation technique. To each measurement in the time series, a Gaussian noise
is added with a sigma equal to the displacement error. A least-squares fit is performed on the new time
series and the fitting parameters determined. This process is repeated 200 times. The resulting distribution
of parameter values is shown for STEREO A in Fig. 6, which shows a distinct peak in all four parameters.
The result is similar for STEREO B (not shown). A Gaussian is fitted to the distribution. The location and
width of the Gaussian are then taken to be the parameter valueand error, respectively. Table 1 shows these
values. Both parameter values and errors are consistent with the single fit result.

To summarize, the loop oscillates approximately at a periodof 630±30 s with a damping time of
1000±300 s. The oscillation quality factor isτ/P = 1.6±0.5. The displacement amplitude is 4 Mm. The
damped oscillator fits the displacement time series well forapproximately the first 2.5 periods. After that
the displacement data does not show oscillatory behaviour and the fitted curve falls within the error bars.
However, as Fig. 7 shows, the oscillation can be traced for upto five periods in the intensity at the loop
top. The damped oscillation curve found from fitting the displacement has been overlayed with an arbitrary
amplitude and shows that the intensity variations follow itwell.

5. Discussion

From the measured oscillation period and loop length, and assuming a fundamental mode, the longi-
tudinal phase speed of the wave mode is found to beVph = 2L/P = 1100±100 kms−1. This value of phase
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speed is consistent with previous observations of transverse loop oscillations (e.g. Verwichte et al. 2004).
MHD wave theory shows that a fast magnetoacoustic kink mode in a cylindrical loop model and in the long
wavelength and zero plasma-β limits has a phase speed equal to the kink speed,CK (Edwin & Roberts 1983):

CK =

√

2
1+ ρe/ρi

VA =

√

2
µ0 (ρi + ρe)

B , (1)

whereVA is the Alfvén speed andB the magnetic field strength in the loop.µ0 is the permeability of free
space,ρi andρe are the mass densities of the loop and the external plasma, respectively. In this observation,
the observed oscillation occurs in a bundle of loops rather than in a single loop. Recent theoretical and
numerical studies have shown that the global kink mode stillexists in models with multiple loops (Luna
et al. 2008; Van Doorsselaere et al. 2008a; Terradas et al. 2008). The single loop model is robust and can
be applied if the internal density is replaced by the averagedensity of the loop bundle< ρi >= fρi , where
f is an undetermined filling factor. The density ratioρe/ < ρi > is crudely estimated from the intensity
enhancement due to the loop relative to the background intensity as follows:

∆I
I0
≈

(< ρ2
i > −ρ

2
e) 2a

ρ2
e∆L

, (2)

whereI0 is the line-of-sight integrated intensities from the background next to the loop, 2a ( =10 Mm) is the
line-of-sight depth of the loop and∆L is the typical line-of-sight depth from which the majority of emission
is originating. Because there is no other active region in front or behind the line of sight besides the one
of the oscillating loop, it is reasonable to assume that the majority of the emission comes from the active
region. The region dimensions are of the order of the loop length, i.e. we take∆L between 0.5L and 2L. We
have also assumed that the plasma is isothermal. The intensity ratio is found to be equal to 0.9. The density
ratio from Eq. (2) is found to be roughly equal to

ρe

< ρi >
≈

1
√

1+ ∆I
I0

∆L
2a

≈ 0.1− 0.3 . (3)

The Alfvén speed is found using Eq. (1), with the density ratio in the previously deduced range, to beVA

= 800±100 kms−1. The minimum value of the Alfvén speed is for a zero density ratio and is equal toVA =

760±70 kms−1.

If the observed oscillation is the second vertically polarised harmonic kink overtone, with a wavelength
equal toL, the Alfvén speed would be around 400 kms−1. This would imply a plasma-β of about 20%,
which is rather high. Therefore, we use this as an additionalargument to choose the observed oscillation to
be the fundamental horizontally polarised kink mode instead.

Furthermore, the coronal loop density is estimated using the EUVI 171Å response function (Aschwan-
den et al. 2008). We assume that the observed emission is at the peak temperature of the 171Å bandpass,
i.e. 0.9 MK. Therefore, the measured density can be considered tobe a lower limit. Following Aschwanden
et al. (2008) the emission measure is calculated asEM = (I − I0)/(q171R171) whereq171 = 1.32 ph DN−1

is the photons to data numbers conversion factor andR171 ≈ 3500 ph m3 is the value of the EUVI 171Å
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bandpass response function atT = 0.9 MK. From the emission measure, the electron number density is
calculated asf ne = (EM/wS )1/2 = (6.7±0.5) 1014 m−3, whereS = 1.2 1012 m12 is the surface area covered
by one EUVI CCD pixel andw is the line-of-sight integration depth of the loop, which weassume to be
approximately equal to 2a. However, during the oscillation this depth varies as the loop geometry changes.
These variations are taken into account for the estimation of the error on the density. The average loop mass
density is expressed in terms ofne using the coronal value of the mean coronal molecular mass ˜m=1.16 such
that< ρi >= m̃mp f ne with mp the proton mass.

The average magnetic field in the loop,B, is estimated from the definition of the kink speed to be

B = 11.1

(

1+
ρe

< ρi >

)1/2 (

Vph

106 ms−1

) (

f ne

1015 m−3

)1/2

G = 11± 2 G . (4)

The relative error of the magnetic field strength is about 20%. The magnetic field strength of 11±2 G
is consistent with values found in previous seismological studies (Nakariakov & Ofman 2001; Verwichte
et al. 2004; Van Doorsselaere et al. 2007, 2008b). In particular, Van Doorsselaere et al. (2007) observed an
oscillation with a period of 440 s in a 400 Mm long loop. They deduced a magnetic field strength of 10-14
G. If we use an error of the loop lenght of 10% instead, we find the magnetic field strength to be 11±3 G.

If we assume that the physical mechanism responsible for theoscillation damping is resonant mode
conversion, using Eq. (73) of Ruderman & Roberts (2002), we deduce from the measured oscillation quality
factor and density contrast that the ratio of the thickness of the inhomogeneous layer over the typical half
width of each constituent loop of the loop bundle (assuming they do not differ significantly from each other),

ℓ

a
=

2
π

< ρi > +ρe

< ρi > −ρe

P
τ
= 0.4± 0.2 . (5)

In this study, clear intensity variations associated with transverse loop oscillations are reported for the
first time. There have been a few reports of intensity variations that have been interpreted as fast magnetoa-
coustic kink modes, but these were not conclusive either dueto the absence of simultaneous measurements
of intensity and displacement or velocity variations (Williams et al. 2001; Cooper et al. 2003; O’Shea et al.
2007) or due to the absence of a clear oscillation pattern in intensity (Wang & Solanki 2004). We do not
expect our intensity variations to be caused by variations in density or temperature, as these are theoretically
predicted to be small for linear horizontally polarised fast magnetoacoustic kink oscillations and involve
density enhancements as well as depletions that in the line-of-sight integration tend to cancel each other
(e.g. Van Doorsselaere et al. 2008c). The vertically polarised kink oscillation may have intensity variations
caused by the change of the loop cross section, across which the Alfvén speed varies with height (Verwichte
et al. 2006a). However, these modes have been discounted earlier. Additionally, the intensity variations are
observed at the loop top, which would be inconsistent with the second vertical harmonic which has a node
there. Terradas & Ofman (2004) studied intensity variations of transverse loop oscillations arising from the
nonlinear ponderomotive force. However, such variations manifest themselves on a slower acoustic time
scale than the observed oscillations. The intensity variations are most likely due to changes in the line-of-
sight integration depth of the loop as the loop inclination varies (Cooper et al. 2003). This is confirmed
by analyzing the intensity variations of the loop in the simulated images (as shown in Fig. 4) in the same
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manner as the observations. Figure 7 shows that the simulated intensity variations are in phase with the
displacement (here, it is in phase with the fitted displacement curve, which has been used as input for the
time variation in the simulation). This type of intensity variations may be used for seismological purposes,
i.e. infer loop thickness or substructuring. This is beyondthe scope of the present paper.

We compare the measured oscillation period and displacement amplitude with the instrument’s tempo-
ral and spatial resolution. With a time cadence of∆t = 2.5 minutes and a period of 630 s,P/∆t = 4.2. With
a spatial pixel size of∆x = 1.1 Mm and a displacement amplitude of 4 Mm,ξ0/∆x = 3.5, which means that
the oscillation is visible in a range of 7 EUVI pixels. These numbers compare favourably with resolutions
from previous studies using TRACE. In particular, for transverse loop oscillations studied by Nakariakov
et al. (1999) and Verwichte et al. (2004), we find ratios ofP/∆t = 3.4,ξ0/∆x = 5.6 andP/∆t = 10-15,ξ0/∆x
= 1.4, respectively. This shows that the oscillation studiedhere is resolved by EUVI as well as in previ-
ous studies by TRACE. Therefore, EUVI/STEREO observations achieve an adequate accuracy for studying
long-period, large amplitude transverse loop oscillations. In fact, if this event had been seen by TRACE, the
expected ratios would beP/∆t = 21 andξ0/∆x = 11.

In summary, the first observation of a transverse loop oscillation using EUVI seen by both STEREO
spacecraft is presented. It demonstrates that despite the lower spatial and temporal resolution compared
with TRACE, long-period transverse loop oscillations can be successfully studied with STEREO. The three-
dimensional reconstruction made possible using both spacecraft allows for an improved measurement of
the loop length (L = 340±15 Mm), which is an important quantity for the seismologicalinvestigation of
loop oscillations. Also, the loop length obtained using a circular loop model is robust and deviates less
than 10% from stereoscopic triangulations methods. Moreover, the reconstruction, combined with forward
modelling, allows for an identification of the wave polarisation, a capability absent with TRACE. This
makes possible the correct selection of the image path orientation along which the loop displacement time
series is measured. In earlier studies of transverse loop oscillations using TRACE the path has often been
chosen to be perpendicular to the loop axis due to the lack of knowledge of the three-dimensional geometry
(e.g. Aschwanden et al. 2002). When the true projected polarisation direction differs significantly from
perpendicular, as is the case here, a perpendicularly orientated path would result in a distorted displacement
time series. Consequently, this would increase the error onthe oscillation parameters.

Using an automated scheme the oscillation parameters are determined from the transverse displace-
ment time series,i.e. an oscillation period and damping time of 630±30 s and 1000±300 s, respectively.
The results from both spacecraft are consistent. The oscillation is also detected in intensity, which is due
to variations in the line-of-sight integration. By applying the technique of coronal seismology, the strength
of the magnetic field in the oscillating loop is measured to be11±2 G, using an accurately measured loop
length, a lower limit of the density and an estimated densitycontrast. Simultaneous EIS/Hinode observations
would be needed to measure the loop density more accurately (Van Doorsselaere et al. 2008b). Furthermore,
observations of transverse loop oscillations on the disk could allow for the identification of the loop foot-
points at the time of the oscillation and hence the application of a 3d reconstruction using data from the
two EUVI/STEREO instruments. However, large loops are relatively fainter compared with the background
when seen on disk. For the above reasons, EUVI/STEREO observations of coronal loop oscillations will
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benefit from simultaneous EIS/Hinode and TRACE observations, as well as from future SDO observations.
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Verth, G. & Erdélyi, R., 2008, A&A, 486, 1015

Verwichte, E., Nakariakov, V. M., Ofman, L. & DeLuca, E. E., 2004, Solar Phys., 223, 77

Verwichte, E., Foullon, C. & Nakariakov, V. M., 2006a, A&A, 449, 769

Verwichte, E., Foullon, C. & Nakariakov, V. M., 2006b, A&A, 452, 615

Wang, T. J. & Solanki, S. K., 2004, A&A, 421, L33

Williams, D. R, Phillips, K. J. H, Rudawy, P, Mathioudakis, M, Gallagher, P. T, O’Shea, E, Keenan, F. P,
Read, P, Rompolt, B, 2001, MNRAS, 326, 428

Wülser, J.-P., Lemen, J.R., Tarbell, T.D., Wolfson, C.J. et al., 2004, SPIE Proc, 5171, 111

This preprint was prepared with the AAS LATEX macros v5.2.



– 11 –

Table 1: Oscillation parameters. The first three rows are theresults from a single fit. The last three rows are
the result from a randomisation technique.

Instr. t0 ξ0 [Mm] V0 [kms−1] P [s] τ [s] φ [◦]

A 18:01 4.0±1.1 39±13 642±29 869±366 111±13
B 18:02 3.6±1.3 36±15 627±32 1494±723 111±16
A+B 3.8±0.9 37±10 635±22 880±297 111±11

A 18:01 3.9±1.0 38±13 636±40 920±338 107±14
B 18:02 3.2±1.0 33±12 616±42 1112±524 105±20
A+B 3.6±0.7 35±9 626±29 976±312 106±12
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Fig. 1.— Determination of the three-dimensional loop geometry using forward modelling of a semi-circular
loop (thick solid line). The footpoints are identified in a STEREO-B image on the 30th of June. The thin
solid line is the loop base line at the solar surface connecting the footpoints. The dashed line is the semi-
circular loop with zero inclination. The azimuth and inclination angles,α andθ, are shown. The insets show
the loop model superimposed on the observations of 27th of June from both spacecraft. The dotted line
refers to a loop section behind the solar limb. The angular scales used are measured relative to STEREO A.
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Fig. 2.— Difference images for three times and for STEREO A (left) and STEREO B (right). The difference
image is contructed as the difference between the image at the given time and the image five minutes earlier.
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Fig. 3.— The simulated loop is shown in more detail superimposed on a difference image from each space-
craft. The dots mark out the distance along the loop in steps of 0.05 times the loop length. The lines through
the dots show the projected direction of the fundamental horizontally polarised kink mode. The two paral-
lel lines outline path used in the oscillation analysis, which is centered on the loop top and parallel to the
projected direction of oscillation polarisation.



– 15 –

Fig. 4.— Simulated difference images for the modelled loop as seen in both spacecraft for various modes
of oscillation: fundamental horizontally polarised mode (top), second horizontally polarised harmonic (sec-
ond row), fundamental vertically polarised mode (third row) and the second vertically polarised harmonic
(bottom).
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Fig. 5.— For each spacecraft, a pair of figures is shown. The top figure shows the intensity profiles of
the selected path as a function of time and projected distance, xP, along the path. The solid line is the
centre position of the fitted Gaussian profile. The dashed lines indicate the error. The vertical long-dashed
line shows the time when the loops are first perturbed. The bottom figure shows the detrended loop top
displacement as a function of time with a fitted damped oscillation superimposed. The time for STEREO B
has been corrected for light travel time w.r.t. STEREO A.
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Fig. 6.— The distribution of the values of the four parameters of the damped oscillator fit to the 200 times
randomised displacement time series from STEREO A. The distribution are fitted with a Gaussian. The
location of the peak and the width of the Gaussian are shown.
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Fig. 7.— The relative intensity (I − I0 − I1)/I1 at the position of the loop top as a function of time as seen
by STEREO A.I1 is the equilibrium loop intensity, which is calculated as a quadratic trend ofI − I0. The
dashed curve is the damped oscillation that fits the displacement time series with the parameters for A+B
listed in Table 1 but with an arbitrary amplitude. The thick solid line is the relative intensity at the position
of the top of the loop in the simulated images.


