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ABSTRACT

Context. Shocks in the solar corona are capable of accelerating electrons that in turn generate radio emission known as type II radio
bursts. The characteristics and morphology of these radio bursts in the dynamic spectrum reflect the evolution of the shock itself,
together with the properties of the local corona where the shock propagates.

Aims. In this work we study the evolution of a complex type II radio burst with a multilane structure to find the locations where the
radio emission is produced and relate them to the properties of the local environment where the shock propagates.

Methods. Using radio imaging, we were able to separately track each lane composing the type II burst and relate the position of the
emission to the properties of the ambient medium, such as density, Alfvén speed, and magnetic field.

Results. We show that the radio burst morphology in the dynamic spectrum changes with time and is related to the complexity of
the local environment. The initial stage of the radio emission is characterized by a single broad lane in the spectrum, while the later
stages of the radio signature evolve in a multilane scenario. The radio imaging reveals how the initial stage of the radio emission
separates with time into different locations along the shock front as the density and orientation of the magnetic field change along the
shock propagation. At the time when the spectrum shows a multilane shape, we find a clear separation of the imaged radio sources
propagating in regions with different densities.

Conclusions. By combining radio imaging with the properties of the local corona, we describe the evolution of a type II radio burst
and, for the first time, identify three distinct radio emission regions above the coronal mass ejection front. Two regions were located at
the flanks, producing earlier radio emission than the central position, in accordance with the complexity of density and Alfvén speed
values in the regions where radio emission is generated. This unprecedented observation of a triple-source structure provides new

insights into the nature of multilane type II bursts.
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1. Introduction

For more than half a century, solar radio burst observations
have been an important tool used to study the background
plasma environment in the solar corona, including the density
distribution and magnetic field configuration (Wild & McCready
1950; Kontar et al. 2017; Chen et al. 2018; Kandekar & Kumari
2025). These radio emission features can also provide infor-
mation on the acceleration of fast electrons and be used
to identify the energy release processes and their locations
in the solar corona (Alissandrakis 2020; Dresing et al. 2022;
Morosan et al. 2025a). Solar radio bursts in the low-frequency

* Corresponding author: zucca@astron.nl

radio range are categorized into five main types (type I-V)
based on the dynamic spectrum morphology, each correspond-
ing to specific physical processes occurring in the solar corona.
Type II radio bursts are generally accepted to be associated
with shocks that are in turn associated with coronal mass
ejections (CMEs; e.g., Mann & Klassen 2005; Ramesh et al.
2023; Kumari et al. 2023), although a small but significant frac-
tion can be produced by other mechanisms, like plasma jet
eruptions (Maguire et al. 2021), flare-related blast waves, and
failed eruptions (Magdaleni¢ et al. 2012; Eselevich et al. 2013;
Gopalswamy et al. 2016).

The dynamic spectra of type II radio bursts can exhibit com-
plex features, including band-splitting and multiple emission
lanes. These bursts typically show two main emission bands
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corresponding to fundamental (F) and harmonic (H) plasma
emission; the H frequency is approximately twice the F fre-
quency (Mann & Klassen 2005). F and H emission are often
recorded in the same location; they are believed to originate
from the same plasma region in the corona and are, therefore,
co-spatial. There are several cases where the F and H emission
are observed to be displaced, mainly due to wave propagation
effects (e.g., Maguire et al. 2020). Band-splitting, where either
the F or H band appears to split into two closely spaced paral-
lel lanes, is commonly observed (Vrs$nak et al. 2001, 2002). This
splitting phenomenon has been traditionally interpreted as emis-
sion from the upstream and downstream regions of the shock
(Smerd et al. 1974, 1975), and the observed emission is expected
to be co-spatial in radio images. However, some studies have
reported different positions for the upstream and downstream
sources (e.g., Zimovets 2012). An alternative explanation for the
band-splitting observed in type II solar radio bursts is that it is
due to emissions from multiple parts of the shock front encoun-
tering different coronal environments rather than just upstream
and downstream regions of the shock (McLean 1967).
Multilane structures may result from different physical pro-
cesses: (1) preferential excitation of plasma modes at the plasma

frequency (w,) and the upper-hybrid frequency (‘/wg +a)§,
where w, is the electron gyrofrequency; Sturrock 1961), (2)
simultaneous emission from different parts of the shock front
with varying plasma densities (Zucca et al. 2014; Morosan et al.
2019; Bhunia et al. 2023; Kumari et al. 2025), and (3) multiple
shock waves propagating through the corona (Eselevich et al.
2013; Zimovets & Sadykov 2015). Despite these theoretical
interpretations, direct imaging observations of multilane struc-
tures below 100 MHz have been limited, especially studies that
image of the entire extent of type Il radio bursts in the decameter
wavelengths.

Recent progress in radio instrumentation is advancing our
observation capability to resolve more and more details of
the complex type II structures observed. The LOw Frequency
ARray (LOFAR; van Haarlem et al. 2013) plays a pivotal role
in this evolution. LOFAR operates in the low-frequency range
of 10 to 240 MHz. It has two sets of antennas: the low band
antenna (LBA) in 10—88 MHz and the high band antenna (HBA)
in 110-240 MHz. LOFAR’s unique design, featuring a vast
array of antenna stations spread over Europe, allows for high-
resolution imaging and precise measurements.

In this work we present an observation of a type II solar radio
burst that initially shows a single emission lane and evolves to
have a complex multilane structure. For the first time in low-
frequency radio observations, we identify three distinct emis-
sion regions along the CME-driven shock front, providing new
insights into the spatial distribution of electron acceleration
regions. This unique observation allowed us to track the evo-
lution of these separate emission sources and their relationship
to the local coronal conditions. This paper is organized as fol-
lows: Section 2 presents the observation details, including data
processing and event overview. In Sect. 3 we present the anal-
ysis of the radio source location and its relation to the corona.
Finally, Sect. 4 contains a discussion and our conclusions.

2. Observation

On 2022 May 19, a complex type Il radio burst was observed fol-
lowing a CME eruption. Figure 1 shows the composite dynamic
spectrum combining observations from three instruments: the
Observation Radio Fréquences Etalées of Spectrographie Solaire
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(ORFEES; Hamini et al. 2021) operating in the frequency range
300-800 MHz, and the LOFAR HBA (110-240 MHz) and LBA
(30—88 MHz; van Haarlem et al. 2013). The LOFAR spectrum
is preprocessed with an RFI-flagging tool for solar and space
weather spectrum: ConvRFI! (Zhang et al. 2023).

The type II burst started at 12:02 UT with emission observed
at frequencies around 600 MHz, drifting to lower frequencies
over time. At high frequencies (>200 MHz), the F and H emis-
sion bands appear superposed, while they become clearly sep-
arated in the LOFAR LBA frequency range. The event initially
shows a single/double lane structure at higher frequencies, but
evolves into a complex multilane pattern. The onset of this tran-
sition is highlighted in the top-right inset of Fig. 1. The multilane
structure is then particularly evident in the LOFAR LBA range
(30—88 MHz) after 12:08 UT.

Similarly, as the spectrum also the radio imaging show
an evolution of the complexity of the radio source loca-
tion with time. Initially, a single radio source is identified
along the shock front. Figure 2 presents the Solar Dynam-
ics Observatory (SDO) Atmospheric Imaging Assembly (AIA;
Lemen et al. 2012) running difference images at 193 A, show-
ing the CME eruption, with superposed Nang¢ay Radioheliograph
(NRH; Kerdraon & Delouis 1997) radio contours at 432 MHz,
with one second integration time. The NRH data were pro-
cessed using the standard SolarSoft (SSW) IDL package avail-
able in the SSW/radio/nrh directory, which includes routines for
amplitude and phase calibration using the quiet Sun as refer-
ence (Mercier et al. 2015). The NRH observations at high fre-
quencies show a single radio source location associated with
the type II and the erupting CME front. This was also found by
Vasanth et al. (2025), who present a single source for the NRH
sources.

LOFAR was observing in imaging mode only with the
LBA range. The LBA frequency range (30—88 MHz) is partic-
ularly suitable for this analysis as the F and H emission bands
are clearly separated, allowing us to independently study their
source locations and evolution. The availability of interferomet-
ric imaging at these frequencies enables us to track the position
and development of each emission lane throughout the event.
The imaging in this work is performed with a combination of
the core and remote stations of LOFAR. Radio imaging allows
for arcminute-scale spatial resolution in decameter wavelength
(Zhang et al. 2022; Morosan et al. 2025b). The LOFAR inter-
ferometry data processing consists of several sequential steps.
First, we performed gain calibration by applying DP3 (Default
Pre-Processing Pipeline?; van Diepen et al. 2018) to the Cas-A
calibrator data to compute phase and amplitude offsets, using a
flux density model as a reference. This generated gain solutions
for each antenna and at each subband.

Following this, we inspected the antenna by examining phase
and amplitude plots for each antenna to identify and flag cor-
rupt data. The next step involved applying calibration correc-
tions to phase and amplitude in the target observation using the
gain solutions from DP3. For imaging, we transformed visibility
data from wave vector space [u,v] to image space [x, y] using
a 2D Fourier transform, employing the w-stacking CLEAN
algorithm with wsclean for point-spread-function deconvolu-
tion® (Offringa et al. 2014). Finally, in post-processing, we trans-
formed coordinates to helio-projective and converted units to

! ConvRFI https://github.com/peijin94/ConvRFI
2 DP3 https://github.com/lofar-astron/DP3
3 wsclean https://gitlab.com/aroffringa/wsclean
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Fig. 1. Composite dynamic spectrum showing the evolution of the
type II radio burst observed on 2022 May 19. The spectrum com-
bines observations from three instruments: ORFEES (300—-800 MHz),
LOFAR HBA (110-240MHz), and LOFAR LBA (30—-88 MHz). The
event starts at 12:02UT with a single emission lane at frequencies
around 600 MHz and drifts to lower frequencies. The top-right inset
shows a zoomed-in view of the region where the single/double lane
begins to evolve into a multilane structure. The multilane structure
becomes particularly evident in the LOFAR LBA frequency range
(30-88 MHz) after 12:08 UT. Note that F and H emissions are super-
posed at high frequencies, and in the LBA range they are distinct. The
frequency range is plotted on a logarithmic scale to better display the
fine structures across the wide frequency range.

brightness temperature for further analysis using lofarSun*
(Zhang et al. 2022).

The LOFAR LBA interferometric data were also indepen-
dently calibrated and imaged using the recently developed
automated and self-calibration based pipeline — Solar IMaging
Pipeline for LOFAR (SIMPL; Dey et al. 2025). Briefly, a quiet
calibrator time window was identified for calibration. The ampli-
tude component of the complex antenna gains estimated from the
calibrator (Cas-A) was applied to the solar measurement sets.
This was followed by self-calibration of solar datasets, with pro-
gressive baseline inclusion to gradually increase the model com-
plexity. Once self-calibration converged, uv-based flagging was
performed on the solar datasets in the CORRECTED_DATA col-
umn, independently for each time, frequency, and correlation
(XX and YY). Beam correction toward the direction of the Sun
was then applied, and spectroscopic snapshot images were pro-
duced using WSClean (Offringa et al. 2014). SIMPL provides a
high dynamic range and improved image fidelity, even below
40 MHz, and the resulting spectroscopic snapshot images were
used in the comparison of F and H emissions (discussed in
Sect. 3).

To describe the observation of this complex type II event, we
imaged each lane of the type II burst identified in the dynamic
spectrum in the LOFAR LBA frequency range (30—88 MHz).

4 lofarSun https://github.com/peijin94/LOFAR-Sun-tools

NRH 432 MHz 2022-05-19 12:04:05
AIA 193 A 19 12:04:

1000"

500"

Helioprojective Latitude (Solar-Y)
o

-500"

-1000"

Helioprojective Longitude (Solar-X)

Fig. 2. Composite image showing the CME eruption observed on 2022
May 19. The background shows the SDO/AIA running difference image
at 193 A, revealing the CME front structure. The radio contours (in yel-
low and red) from NRH at 432 MHz show a single radio source loca-
tion associated with the type II radio burst and the erupting CME front
at 12:04 UT. The radio source at high frequencies appears as a single
emission region, in contrast to the multiple emission regions observed
at lower frequencies with LOFAR.

Figure 3 shows an overview of the lanes observed with LOFAR
LBA. The top panel presents the dynamic spectrum with seven
selected lanes (including a quiet period), corresponding to differ-
ent emission features observed during the event. The F plasma
emission is represented by the type II lanes labeled 1 and 4, H
emission is marked with lanes 2, 3, and 5, region 6 corresponds
to a period of quiet emission, and 7a—c show the H emission
appearing later in the event as three distinct parallel lanes. The
top-right panel of Fig. 3 shows a zoomed-in view of the dynamic
spectrum during an unusual phase of the event. We highlight
region 3, where a third emission source begins to appear in both
the spectrum and the corresponding radio imaging. This marks
a transition from the initial double-source structure to a more
complex configuration with three distinct emission regions; the
imaging of this transition is shown in panels marked with 2 and
3 in Fig. 3. The lower panels of Fig. 3 present the LOFAR inter-
ferometric images corresponding to regions 1-6. The emission
lanes (1-5) show an evolution in their spatial distribution: lanes
1-3 exhibit similar source locations with double source struc-
tures on the western and southern sides of the shock front; the
size of the contour indicates the brightness temperature, which
is reported in the white text in the bottom-left of each panel.
Lane 4 shows emission predominantly on the western side, while
lane 5 displays complex structures in both western and southern
regions. Lane 6, corresponding to a period of reduced emission
in the spectrum, shows brightness temperature levels compara-
ble to the quiet Sun. The three parallel H lanes (7a—c), appear-
ing later in the event, are presented in detail in Figs. 4 and 5,
where their distinct spatial separation perpendicular to the shock
propagation direction becomes evident. To accompany Fig. 3,
we provide an overview movie with the evolution of the event at
37.88 MHz, 54.49 MHz, 68.55 MHz, and 76.95 MHz.
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Fig. 3. Overview of the type Il radio burst lanes observed with LOFAR LBA. Top-left panel: Dynamic spectrum in the frequency range 30—88 MHz.
Seven different lanes along the radio burst are numbered, and a series of green points indicate the frequency and times of the observations presented
in the lower panels. Lanes 1 and 2 show the initial double source structure, while region 3 marks the appearance of a third distinct emission source.
These lanes are plotted with the relative EUV running difference emission to put the radio source in context with the driving front. Lower panels:
LOFAR radio imaging of lanes 1-6, showing the spatial distribution of each emission feature. In the top row, the contours of the radio sources
are color-coded by frequency (see the legend). The contours represent a brightness temperature of 15 MK for lane 1 and 120 MK for lanes 2
and 3. Lanes 4 and 5 show emission with varying spatial distributions. Lane 6 shows emission comparable to the quiet-Sun level. Lanes 7a—c,
appearing later in time, represent harmonic emission and are parallel. Lanes 1 and 2 show similar source locations, with double source structures
on the western and southern sides of the shock front. Lane 3 shows the moment where the third source starts to appear; the top-right panel shows
a zoomed-in view of the spectrum at this moment, with the appearance of other lanes in the spectrum and the presence of a third source in the
imaging. Lane 4 shows emission predominantly on the western side, while lane 5 exhibits complex structures in both the western and southern
regions. Detailed imaging of the three parallel harmonic lanes 7a—c is presented in Figs. 4 and 5.
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Fig. 4. Top: LOFAR radio imaging of the multilane structure in the
type II radio burst. The background color map shows the electron den-
sity in the corona, as derived from the Predictive Science MHD model
(Riley et al. 2011). Higher densities are in red, intermediate densities
in green, and lower densities in blue. Bottom: Dynamic spectrum. The
three observed lanes (blue, green, and red) are highlighted. The time of
the radio imaging is indicated by the black squares (12:16 UT). LOFAR
radio contours (80% level) for each lane are displayed in their respective
colors, and the source centroid for each is marked with a colored point at
the center of the corresponding contour. This figure highlights the cor-
respondence between the radio multilane emission and the underlying
coronal density structure.

3. Results

The imaging analysis of this type II radio burst reveals several
key features that evolve with time. Initially, at high frequen-
cies (>200 MHz), we observe a single radio source associated
with the CME front, as shown by the NRH observations (Fig. 2).
However, as the event progresses to lower frequencies, the radio
emission becomes increasingly complex, revealing multiple dis-
tinct source regions.

In the LOFAR LBA frequency range (30—88 MHz), we iden-
tify seven distinct emission features (Fig. 3). Lanes 1-3 show
emission with similar source locations, characterized by double
source structures positioned on the western and southern sides
of the shock front, above the EUV front observed in the Solar
Ultraviolet Imager onboard GOES (SUVI). During this phase,
we observe the emergence of a third distinct emission source.
Lane 4 exhibits F emission predominantly localized to the west-
ern side of the shock front, while Lane 5 shows more complex H
emission structures distributed across both western and southern
regions. Lane 6 represents a transition period where the emission
intensity becomes comparable to the quiet-Sun level, displaying
complex spatial structures. The most notable feature appears in
region 7, which splits into three parallel lanes (7a—c) in the H
emission band. These lanes show clear spatial separation per-
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Fig. 5. LOFAR radio imaging of the multilane structure, over a back-
ground color map representing the coronal Alfvén speed from the Pre-
dictive Science MHD model (Riley et al. 2011). Radio contours (80%
level) and centroids are shown as in Fig. 4. The dynamic spectrum and
lane colors (blue, green, and red) match those in the previous figure.
Notably, the central (red) radio source is located in a region of higher
Alfvén speed.

pendicular to the shock propagation direction (radial), a feature
not previously observed in type II bursts at these frequencies.

The comparison between the LOFAR-imaged radio source
locations and the coronal parameters from the Predictive Science
MAS magnetohydrodynamic (MHD) model (Riley et al. 2011)
provides key insights into the physical conditions driving the
multilane emission. The three parallel H lanes (7a—c) exhibit a
clear one-to-one correspondence between their frequency drift
rates and the local plasma densities at their respective source
regions.

As shown in Fig. 4, we selected a representative time, mid-
point along the lifetime of lanes 7a—c (12:16 UT), to best illus-
trate their spatial separation. At this moment, LOFAR LBA
interferometric images (contours at the 80% brightness level)
are overlaid on the electron-density distribution from the MAS
MHD model. Each emission lane is marked in the dynamic-
spectrum color (blue, green, and red), with the centroid posi-
tions marked. The red-lane source lies in a region of compar-
atively low density, producing the lowest-frequency emission;
the blue source originates in a denser region, consistent with
its higher-frequency lane; and the green source is located in an
intermediate-density region, marking the middle-frequency lane.
This spatial-spectral correspondence demonstrates that the mul-
tilane structure directly maps the coronal density stratification
along separate parts of the CME-driven shock front.

Figure 5 presents the corresponding Alfvén-speed distribu-
tion from the same MHD model, again at 12:16 UT. The same
LOFAR contours (80% level) and centroids are overlaid, pre-
serving the color coding of the dynamic spectrum. The central
(red) source coincides with a region of enhanced Alfvén speed,
explaining its later appearance compared to the flank sources:
in such regions, shock formation and particle acceleration are
less efficient. Conversely, the blue and green flank sources lie
in areas of lower Alfvén speed, favoring earlier shock forma-
tion and earlier-onset radio emission. This map—spectrum pair-
ing further supports the interpretation that spatial variations in
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Fig. 6. LOFAR images showing the locations of F and H emission sources for two F—H pairs. The white contours, drawn at 0.1, 0.3, 0.5, 0.7, and
0.9 of the peak brightness temperature, represent the F emission, while the colored intensity (displayed with a square-root color scale, as indicated
in the colorbar) corresponds to the H emission. The optical solar disk is shown as a dashed white circle. The white and yellow ellipses in the
bottom-left corners indicate the restoring beams for the F and H maps, respectively. In both pairs, the F and H centroids are co-spatial within the
LOFAR beam; however, the H emission is clearly resolved into two distinct components, whereas the F appears more extended and blended, likely
due to the lower spatial resolution and stronger propagation effects at the F frequency.

both plasma density and Alfvén speed control the timing and
frequency characteristics of the observed multilane type II burst.

The spatial relationship between the F and H emission in
type II solar radio bursts offers crucial insights into plasma emis-
sion mechanisms and the coronal environment. In this event, as
shown in Fig. 6, LOFAR imaging enables a direct comparison
of the F and H source locations for two distinct F—H pairs. Our
analysis finds the F and H sources are largely co-spatial within
the imaging and propagation limits, in agreement with sev-
eral previous studies (e.g., Mann & Klassen 2005; Vrs$nak et al.
2001; McLean 1967). This observational result supports classi-
cal plasma emission models in which F and H originate from
the same electron acceleration region. The movie provided as
supplementary material demonstrates this correlation persists
dynamically throughout the evolution of the event.

Figure 6 presents direct interferometric images of the two
selected F-H pairs. The contours illustrate that while the cen-
troids of the F and H sources are generally coincident within the
LOFAR beam, the H band clearly resolves into two discrete com-
ponents, in contrast to the more extended and blended appear-
ance of the F emission.

A notable feature in our event is that, for both F—H source
pairs, the H emission is resolved into two distinct sources, while
the F emission remains more extended and appears as a sin-
gle, broader region. This may result from the intrinsically larger
beam at F frequencies and the greater influence of radio wave
scattering and propagation (e.g., refractive spreading, ducting) at
lower frequencies (Kontar et al. 2017). Such propagation effects
can further blur the F emission, concealing double-source fea-
tures that remain visible in the H band, in line with theoretical
predictions and simulations of wave propagation in an inhomo-
geneous corona.

Our analysis reinforces the view that, while resolution and
propagation effects can obscure finer structure at the F frequency,
the origin sites of F and H emission in type II bursts are co-spatial
to within observational limits. This is important for interpreting
both the spectral and spatial features of type Il radio bursts in the
era of high-resolution, low-frequency solar imaging.
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4. Conclusion and discussion

This study provides a detailed view of the spatial and spectral
evolution of a complex, multilane type II solar radio burst asso-
ciated with a CME-driven shock observed on 2022 May 19.
Employing high-resolution LOFAR radio imaging in conjunc-
tion with coronal density and Alfvén speed modeling, we tracked
the separation and progression of individual emission lanes
and established their connection to specific regions along the
shock front. This approach builds on previous studies of CME-
related shocks and radio imaging (e.g., Zucca et al. 2014, 2018;
Kong et al. 2012; Morosan et al. 2025a; Normo et al. 2025).

Our findings reveal a close correspondence between the
dynamic spectrum and the spatial distribution of radio sources:
the burst evolved from an initial single/double emission lane to
multiple distinct spatial regions, culminating in a triple-lane con-
figuration at low frequencies. Notably, each of these lanes maps
to a region of distinct plasma density and local Alfvén speed. The
occurrence of separate radio sources along different flanks and
the apex of the shock supports the scenario that varying ambient
coronal conditions govern the onset and spectral properties of
type Il emissions, with the spectral complexity reflecting coronal
inhomogeneity. Recent findings of Feng & Zucca (2025), based
on observations by the newly built Daocheng Solar Radio Tele-
scope (DSRT), show that multilane structures often trace back
to emission at physically separated sites along a curved shock
front.

While our findings do not rule out other mechanisms
for band-splitting or multiple lanes in type II bursts, such
as upstream/downstream shock emission (Vrs$nak et al. 2001,
2002), they provide compelling evidence that, in this event,
the multilane structure directly reflects the existence of spa-
tially separated acceleration regions. The observed correspon-
dence between lane frequencies and source locations, as well as
between onset times and local Alfvén speeds, strongly supports
this interpretation.

An additional key result of this work is the direct imaging
of F and H source pairs (Sect. 3). Our LOFAR imaging (see
Fig. 6) shows that the F and H sources are largely co-spatial, in
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agreement with previous studies (e.g., Mann & Klassen 2005).
This observational result supports classical plasma emission
models in which the two components originate from the same
electron acceleration region. However, while the F emission
appears as a single, broader region likely influenced by the larger
LOFAR beam and propagation effects (such as refractive scatter-
ing and ducting) at F frequencies (Kontar et al. 2017), the H band
clearly resolves into two discrete sources. This distinction high-
lights how both spatial resolution and radio wave propagation
effects can influence the observed burst morphology and should
be taken into consideration when interpreting multilane type II
source structure.

Our work demonstrates the importance of advanced spectro-
imaging techniques, such as those provided by LOFAR,
in resolving the fine-scale structure of coronal-shock-related
radio bursts. With the current upgrade of LOFAR 2.0
(LOFAR2.0 White Paper 2023), we will be able to perform
imaging with LBA and HBA simultaneously. Continued obser-
vations at high spatial resolution, integrated with coronal model-
ing, will be crucial for disentangling the interplay between den-
sity, magnetic field, and shock geometry in solar radio burst gen-
eration.

Data availability

Supplementary movie 1 shows the evolution of the radio
emission at four different frequencies throughout the event.
Supplementary movie 2 shows the evolution of the F-H
pair positions throughout the event. Movies are available at
https://www.aanda.org
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