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Name: Lauren Doyle
Affiliation: Armagh Observatory
Title: Solar and Stellar Flares and Their Connection
Abstract: This talk focuses on bridging the gap between solar and stellar physics through the study of
flares. Solar flares are the most powerful explosions in the solar system and many stellar flares have been
observed to be orders of magnitudes larger. However, is not yet known if these phenomena are formed
through the same physical process. Here we explore their common origins through a detailed case study
of a solar flare and a robust statistical analysis of stellar flares with bespoke observations.

Using data from SST, a detailed study of a solar flare associated with a filament eruption and jet was
compared with advanced 3D MHD simulations. This amalgamation of observation and theory allows for
a complete picture of the event including the pre-flare magnetic structure and the resulting kinematics of
the jet post-eruption. With regards to stellar flares, observational data from both K2 and TESS are used
to conduct a statistical analysis on flares from both low mass and solar-type stars. As a result of this, no
relationship between the rotational phase of stellar flares and starspots is present. This was unexpected
as there is a well-established relationship between solar flares and sunspots and implies the surface of
these stars is more complex than the Sun.

In an effort to address this, the solar 3D MHD simulation is scaled up to replicate flare energies seen
in the observed stellar flares. This comparative analysis allows for the exploration of the flare mechanism
and potential magnetic structure on these stars in order to explain such high energy flares.

Name: David Kuridze
Affiliation: Aberystwyth University
Title: X8.2 class solar flare on September 10, 2017 observed by the Swedish Solar Telescope.
Abstract: On 2017 September 10, the active region (AR) NOAA 12673 at the western limb of the Sun
produced the X8.2-class flare, ranked as the second-largest flare of solar cycle 24, causing significant space
weather and heliospheric effects. The event was observed with the Swedish Solar Telescope using high-
resolution imaging spectroscopy. The SST data yielded some unique spectropolarimetry which allowed
the construction of a map of the magnetic field of the off-limb flare loops and density diagnostics of
the bright apex of the flare loop arcade. Furthermore, for the first time, using this data we report on
high-resolution imaging spectroscopy observations of flare ribbons situated off limb in the hydrogen Hβ
4861 ÅBalmer line and the near-infrared line of single-ionized calcium at 8542 Å and make a detailed
comparison with radiative hydrodynamic simulations. Emission in the optically thin wings of the Hβ
line show high-contrast off-limb flare ribbons which are elevated significantly above the photosphere. In
my talk I will overview the main scientific results that have been derived from these observations. I will
focus on the spectral characteristics and formation height of off-limb flare ribbons.
Keywords: Flare, Ground-based observations
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Contributed Talks

Name: Dr Prantika Bhowmik
Affiliation: Department of Mathematical Sciences, Durham University, Durham, UK
Title: Formation and evolution of magnetic flux ropes during solar minimum
Abstract: During the solar minimum, the Sun is perceived to be quite inactive with no spots emerging on
the solar surface. Consequently, we observe a drop in the number of highly energetic events such as solar
flares, coronal mass ejections (CMEs), which are closely associated with magnetic field distribution on
the photosphere. However, our magneto-frictional simulations during the minimum period suggest that
the solar corona could still be significantly dynamic while evolving in response to the large-scale shearing
velocities on the solar surface. The non-potential evolution of the corona leads to the formation of several
twisted magnetic flux rope-like structures with high magnetic helicity. These flux ropes can further be
classified into two distinct groups based on their nature of progression towards probable eruptions. One
set of flux ropes undergoes partial helicity shedding through reconnection with the surrounding magnetic
field lines before settling down to relatively more stable structures. Another set disappears entirely
indicating a full-scale eruption. The second class can also explain the origin of occasional CMEs during
the solar minimum. Moreover, these two classes diverge significantly concerning the associated helicity
flux shed through the upper coronal boundary. We additionally explore how other measurables such as
current, open magnetic flux, free energy, coronal holes, and the horizontal component of the magnetic field
on the outer model boundary vary during the evolution of these flux ropes of two different kinds. This
study emphasises the importance and necessity of understanding the dynamics of the coronal magnetic
field during the solar minimum.
Collaborators: Prof Anthony Yeates, Department of Mathematical Sciences, Durham University, Durham,
UK

Name: Ryan Campbell
Affiliation: Queen’s University Belfast
Title: The temporal evolution of inter-network magnetic fields in the quiet solar photosphere
Abstract: While the longitudinal field that dominates in photospheric network regions has been studied
extensively, small-scale transverse fields have recently been found to be ubiquitous in the quiet inter-
network photosphere and this merits more thorough investigation. Further, few observations have been
able to image how this field evolves over time. Ultimately, developing an understanding of and ability
to decipher the turbulent, mixed-polarity or “hidden” photospheric magnetic field on small-scales could
contribute solving key problems in the field of solar physics, such as heating of the upper atmosphere. We
aim to statistically characterise the magnetic vector in a quiet Sun inter-network region, and observe its
temporal evolution. To achieve this, we use two observations taken on 5th and 6th May 2019 by the new
GREGOR Infrared Spectrograph-Integral Field Unit (GRIS-IFU) instrument at the GREGOR telescope
in Tenerife, operated in the infrared, with the magnetically sensitive deep photospheric Fe I line pair
at 15648.52 Å and 15652.87 Å, with relatively high Landé factors (g = 3 and g = 1.5, respectively), to
observe a quiet inter-network region. We record the full Stokes vector, completely de-noise each profile
and present the results of a least-squares inversions with the SIR code, used to retrieve the parameters
characterising the atmosphere in each pixel. Integral field units (IFUs) are likely to play a much bigger
role in future ground-based observations with DKIST and the EST, and so we aim to demonstrate how
such instruments can be most effectively utilised for solar observations, as well as their capabilities.
Collaborators: C. J. Nelson1, P. H. Keys, A. Reid, M. Mathioudakis, E. V. Khomenko, M. Collados,
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A.Asensio Ramos, M. J. Mart́ınez González, and D. Kuridze

Name: Kristopher Cooper
Affiliation: University of Glasgow
Title: NuSTAR X-ray observations of a minuscule microflare from a repeatedly microflaring active region
Abstract: Highly frequent, small flares are thought to contribute to heating the Sun’s atmosphere,
particularly in active regions. This impulsive energy release would heat plasma to at least 10 MK and
accelerate electrons, producing weak thermal and non-thermal signatures that could be observed by a very
sensitive X-ray telescope. No such solar telescope exists (yet) so we use Nuclear Spectroscopic Telescope
Array (NuSTAR), an astrophysical X-ray telescope, with focusing optics imaging spectroscopy providing
a unique sensitivity for observing the Sun above 2.5 keV. We present an overview of several microflares
from the recently emerged active region AR12721 on 2018 September 9-10. Using NuSTAR’s imaging
spectroscopy and the Solar Dynamics Observatory’s Atmospheric Imaging Assembly’s (SDO/AIA) EUV
imaging capabilities we can analyse the temporal, spatial, and spectral evolution of these microflares,
determining the energy release and associated heating of the solar atmosphere. All microflares from
AR12721 were below GOES A1 equivalent level and the heated coronal loops were all visible in an Fe
XVIII proxy channel derived from SDO/AIA channels. In particular, we present our recently published
analysis of the weakest microflare from AR12721 (Cooper et al. 2020 ApJL 893 2) finding it to be one of
the smallest active region X-ray flares on record, with material heated up to 7MK and a thermal energy
of just 1e26 erg.
Collaborators: Iain G. Hannah, Brian W. Grefenstette, Lindsay Glesener, Säm Krucker, Hugh S.
Hudson, Stephen M. White, David M. Smith

Name: Fionnlagh Mackenzie Dover
Affiliation: The University of Sheffield
Title: MHD simulations of the morphology of spicular solar jets
Abstract: Solar spicules are one of the dominant dynamic phenomena of the lower solar atmosphere.
Here, we show our results on modelling the propagation of such localised jets with a momentum pulse
as the driving force near photospheric heights. Using the MPI-AMRVAC code to perform 2D MHD
simulations in an idealised stratified solar atmosphere, we investigate how key parameters (e.g., driver
time, equilibrium magnetic field strength and velocity amplitude of driver) determine the morphology
of these small-scale solar jet. A parametric study is carried out and using jet tracking software we
analyse the jet properties (e.g., widths, apex heights, etc). We find that jet boundary deformation occurs
naturally due to speeds involved in driving these jets within the range of spicule heights that could be
then a possible alternative explanation for the appearance of sausage and kink waves in solar jets. By
resolving structures up to 10 km, we also find unforeseen substructures inside the spicular jet beam. We
propose observers to confirm this latter finding that may be challenging due to current spatial resolution
limits.
Collaborators: Rahul Sharma and Robertus Erdelyi

Name: Tim Duckenfield
Affiliation: Univ. of Warwick
Title: An unexplored source for the damping of slow magnetoacoustic waves in the solar corona
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Abstract: The rapid damping of slow magnetoacoustic modes observed in the solar corona is well docu-
mented, yet ambiguity remains regarding its origin. Thermal conduction and compressive viscosity have
been invoked as damping mechanisms, however we contend that the effect of wave-induced heating/cooling
misbalance can be of equal importance. As a slow wave propagates through the medium, it perturbs both
the mechanical and thermal equilibria. To appear in thermal equilibrium, i.e., to counteract radiative
and conductive cooling, the plasma must be continuously heated. The wave passing through the plasma
induces a misbalance between these competing processes. This misbalance is a natural mechanism for the
exchange of energy between the plasma and the wave; in particular, this may cause rapid damping for the
slow wave. We present an analytical model for slow magnetoacoustic waves in such a heated and cooling
corona, taking into account the perturbation of the thermal equilibrium and using the thin flux tube
approximation. We calculate the damping timescale from the effect of heating/cooling misbalance, in
the limits of strong/weak non-adiabaticity, accounting for the effects of a non-zero plasma-beta. Impor-
tantly, we show that for a range of typical coronal temperatures, densities and magnetic field strengths,
the damping time from this thermal misbalance effect is similar to the wave periods seen in observations
of slow waves in the corona, and indeed are similar to their observed damping times. When comparing
to the effect of field-aligned thermal conduction and compressive viscosity in the solar corona, we find
the effect of the heating/cooling misbalance could be of equal or greater importance. This indicates that
the thermodynamic activity of the corona is important for the dynamics of slow magnetoacoustic waves,
and its effect needs to be taken into account in future modelling and seismological studies.
Collaborators: Dmitrii Kolotkov, Valery Nakariakov (all Univ. of Warwick)

Name: Roger Dufresne
Affiliation: University of Cambridge
Title: Effects of density on modelling oxygen lines in the solar transition region
Abstract: The ion populations most frequently adopted for diagnostics in collisional plasmas are derived
from the density independent, coronal approximation. In higher density, lower temperature conditions,
ionisation rates are enhanced once metastable levels become populated, and recombination rates are
suppressed if ions recombine into Rydberg levels. As a result, the formation temperatures of ions shift,
altering the diagnostics of the plasma. To accurately model the effect of ionisation from metastable
levels, new electron impact, ionisation cross sections have been calculated for oxygen, both for direct
ionisation and excitation–auto-ionisation of the ground and metastable levels. The results have been
incorporated into collisional radiative modelling to show how the ionisation equilibrium of oxygen changes
once metastable levels become populated. Suppression of dielectronic recombination has been estimated
and also included in the modelling, demonstrating the shifts with density in comparison to the coronal
approximation. The final results for the ionisation equilibrium are used in differential emission measure
modelling to predict line intensities for many lines emitted by O II-VI in the solar transition region. The
predictions show improved agreement by 15-40% for O II, O VI and the inter-combination lines of O III-
V, when compared to results from coronal approximation modelling. While there are still discrepancies
with observations of these lines, this could, to a large part, be explained by variability in the observations.
Collaborators: Giulio Del Zanna, Nigel Badnell

Name: Ryan French
Affiliation: UCL Mullard Space Science Laboratory
Title: Spectropolarimetric Insight into Plasma Sheet Dynamics of a Solar Flare
Collaborators: Philip G. Judge, Sarah A. Matthews, Lidia van Driel-Gesztelyi and David M. Long
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Abstract: Magnetic reconnection is thought to lie at the heart of energy release in solar flares, but the
process is not yet fully understood. We examine spectropolarimetric data from the CoMP coronagraph,
acquired a few hours into the evolution of the September 10th 2017 X8.2-class flare. We find a striking
and spatially coherent low polarisation structure, aligned with the hot plasma sheet observed in EUV.
By elimination, we find the significant depolarisation to be a result of small-scale sub-pixel magnetic
structure along the plasma sheet, consistent with theory of reconnection instabilities. This interpretation
of ongoing reconnection is supported by further Hinode/EIS observations and AIA DEMs, from well
beyond the impulsive phase of the flare. The plasma sheet remains visible in CoMP linear polarisation
over a day into the flare’s evolution, several hours after its last appearance in EUV. We conclude that
polarisation measurements with new coronagraphs, such the DKIST CRYO-NIRSP instrument, will
further enhance our understanding of magnetic reconnection during eruptive flares.

Name: Richard Grimes
Affiliation: Aberystwyth University
Title: Observation of Differential Rotation Within a Sunspot Umbra During an X-Class Flare
Abstract: Sunspots and their dynamics dominate the magnetic topology and evolution of both the
photosphere and the overlying coronal active regions. Thus a comprehensive understanding of their
behaviour is essential to understanding the solar magnetic field. A new technique is presented for applying
multiple ellipse fits as a method for rotation tracking of sunspot umbrae. The method is applied to a
sunspot in NOAA active region AR 12158 during an X-class flare event and the resulting rotation rate
correlates well with other measurements from literature. The method also reveals an apparent difference
in rotation rate between the edge and the innermost region of the sunspot umbra of up to 2 degrees per
hour. Such differential rotation must lead to the large-scale twisting of sunspot magnetic flux tubes with
implications for models of coronal loops and the build-up of instabilities that may lead to eruptions.
Collaborators: Balázs Pintér & Huw Morgan (Supervisors)

Name: Dr Dmitrii Kolotkov
Affiliation: University of Warwick
Title: Constraining the coronal heating function
Abstract: The hot solar corona exists because of a balance between radiative and conductive cooling,
and some counteracting heating mechanism: the nature of which remains one of the major puzzles in
solar physics. Previous attempts to constrain this heating mechanism’s functional form have relied on
assumptions about the structure of coronal loops, which are poorly understood. We present a different
approach, which combines straight-forward observations of the corona with a theory of the perturbation
of thermal equilibrium to constrain the coronal heating function. We discuss how the delicate coronal
thermal equilibrium can be readily destabilised by any compressive perturbation, which are abundantly
present in the corona. These perturbations experience a back-reaction either losing to or gaining energy
from the heating source, which lead to the development of thermal instabilities in the corona: rapid
thermal condensations or acoustic over-stability. In the linear regime, the characteristic time scales of
these processes are determined by the derivatives of the net heating/cooling function with respect to the
coronal plasma parameters, evaluated at the equilibrium. They show how quickly the plasma restores
its thermal equilibrium or becomes thermodynamically unstable, depending on the specific choice of the
coronal heating function. We demonstrate that in a broad range of typical coronal conditions, the time
scales of those thermal instabilities are about several minutes. By assuming the functional form of the
cooling terms (for example using the radiative losses calculated from the CHIANTI atomic database), we
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express the instability criteria in terms of the parameters of the steady component of the coronal heating
function. Since we know the corona does not condense everywhere, and acoustic modes are usually seen
to rapidly decay, we can obtain empirical constraints on the coronal heating function, for it to sustain
a long-lived thermodynamically stable corona. Using the developed approach, suitability of the RTV
heating models for a stable corona is assessed.
Collaborators: Tim Duckenfield, Valery Nakariakov

Name: Norbert Magyar
Affiliation: University of Warwick (Newton International Fellow of the RS)
Title: Standing Kink Waves in Sigmoid Solar Coronal Loops: Implications for Coronal Seismology
Abstract: Using full three-dimensional magnetohydrodynamic numerical simulations, we study the
effects of magnetic field sigmoidity or helicity on the properties of the fundamental kink oscillation of
solar coronal loops. Our model consists of a single denser coronal loop, embedded in a plasma with
dipolar force-free magnetic field with a constant α-parameter. For the loop with no sigmoidity, we find
that the numerically determined oscillation period of the fundamental kink mode matches the theoretical
period calculated using WKB theory. In contrast, with increasing sigmoidity of the loop, the actual
period is increasingly smaller than the one estimated by WKB theory. Translated through coronal
seismology, increasing sigmoidity results in magnetic field estimates that are increasingly shifting toward
higher values, and even surpassing the average value for the highest α value considered. Nevertheless,
the estimated range of the coronal magnetic field value lies within the minimal/maximal limits, proving
the robustness coronal seismology. We propose that the discrepancy in the estimations of the absolute
value of the force-free magnetic field could be exploited seismologically to determine the free energy of
coronal loops, if averages of the internal magnetic field and density can be reliably estimated by other
methods.
Collaborators: Valery M. Nakariakov

Name: David Millar
Affiliation: University of Glasgow
Title: The effect of a solar flare on chromospheric oscillations.
Abstract: Oscillations in the chromosphere with durations of approximately 3 minutes are thought to
be a natural response of the chromosphere to disturbances from the photosphere and they are particularly
strong over sunspots. Here we investigate the effect of an M-class solar flare on these well known oscillatory
signals in an active region using data from the CRISP instrument at the Swedish Solar Telescope, and
the Solar Dynamics Observatory. We identify areas in the active region with enhanced oscillatory signal
using power spectrum fitting, and compare results before and after the impulsive phase of the flare. Both
the locations of the oscillatory signals and their typical periods were seen to change after the flare activity,
which could reveal how the flare has changed the magnetic environment in this active region.
Collaborators: Prof Lyndsay Fletcher, Dr Ryan Milligan

Name: Aaron Monson
Affiliation: Queen’s University Belfast
Title: An Introduction to Photospheric Flare Line Diagnostics
Abstract: The solar atmosphere’s response to a solar flare has been extensively modelled, with many
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works focusing on the recreation of chromospheric spectral line profiles as the atmosphere rapidly ex-
pands due to heating from magnetic reconnection energy release. Recent work(1,2) has shown that this
extreme heating mechanism can permeate through the upper atmosphere and result in an observable
brightening and Doppler shifting of spectral lines formed in the deepest regions of the solar atmosphere,
though the extent of this photospheric reaction is still not fully characterised. Here we present radiative
hydrodynamic flare models generated by the RADYN(3) and RH(4) codes using the F-CHROMA archive
to simulate the potential observable perturbations in the line-of-sight velocity and heating induced in the
photosphere of a flaring atmosphere. We investigate how variations in the properties of a solar flare-
accelerated electron beam result in discernible effects in these properties, resulting in asymmetries in the
flaring line profiles of several deep forming Fe I spectral lines. Analysis on the formation of these lines
by inspection of their contribution functions showed a significant level of high velocity chromospheric
contribution. This comparatively weak, high velocity surplus contributing region of the chromosphere,
significantly adds to the flaring Doppler shifted profile, resulting in a greater blue shift of the line core,
which had previously been assumed as a purely photospheric velocity diagnostic. Based on this evidence,
it is concluded that any future work using these photospheric lines to diagnose the properties of the
flaring atmosphere must be carefully analysed to mitigate the effects of higher forming regions providing
a surplus velocity signal.
References
(1) Hong, J., Ding, M. D., Li, Y., & Carlsson, M. 2018, The Astrophysical Journal, 857, L2
(2) Sadykov, V. M., Kosovichev, A. G., Kitiashvili, I. N., & Kerr, G. S. 2020, The Astrophysical Journal,
893, 24
(3) Carlsson, M., & Stein, R. F. 1992, The Astrophysical Journal, 397, L59
(4) Uitenbroek, H. 2001, The Astrophysical Journal, 557, 389
Collaborators: Prof. Mihalis Mathioudakis (QUB), Dr. Ryan Milligan (QUB), Dr. Aaron Reid (QUB),
Dr David Kuridze (Aberystwyth University)

Name: Dr. Sargam Mulay
Affiliation: School of Physics & Astronomy, University of Glasgow, UK
Title: Thermodynamics of a flare related on-disk active region sigmoid
Abstract: Active regions often show S-shaped structures in the corona called sigmoids. These are
highly sheared and twisted loops that are formed along the polarity inversion line in the core of active
regions. They are considered to be one of the best pre-eruption signatures. Here, we investigate the
thermal structure of on-disk sigmoid during a C 1.6 X-ray flare on December 26, 2015, and during
the sigmoid eruption on Dec. 28, 2015, where an M 1.8 X-ray flare was observed. We have employed
Emission Measure (EM) and filter-ratio techniques on the observations recorded by the Atmospheric
Imaging Assembly (AIA) onboard the Solar Dynamics Observatory (SDO) and X-ray Telescope (XRT)
onboard Hinode. The EM analysis showed multithermal plasma along the sigmoid and provided a peak
temperature of ∼10-12 MK during both flares. The sigmoidal structure showed emission from Fe XVIII
(93.93 Å) and Fe XXI (128.75 Å) lines in the AIA 94 and 131 Å channels respectively. The temperature
obtained from the EM analysis was found to be in good agreement with the temperature obtained using
the XRT filter-ratio, AIA filter-ratio as well as GOES temperature methods. These results provide
important parameters for the thermodynamic modelling of structures in the core of active regions
Authors: Dr Sargam Mulay (School of Physics & Astronomy, University of Glasgow, UK), Durgesh
Tripathi (Inter-University Centre for Astronomy and Astrophysics, Ganeshkhind, Pune 411007, India.)
and Helen Mason (DAMTP, Centre for Mathematical Sciences, University of Cambridge, Wilberforce
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Road, Cambridge, CB3 0WA, UK)

Name: Gabriel D. Muro
Affiliation: Aberystwyth University
Title: Total eclipse spectroscopy of visible light coronal emission lines
Abstract: Currently a missing link in solar physics, the region 1.2 to 2.5 solar radii is a difficult
area to observe due to various technological limitations of both ground and space-based instruments.
Thus, observations of narrow-band visible light spectral data from the 2 July 2019 at 20:40 UTC total
solar eclipse in Rodeo, Argentina provides a rare opportunity to diagnose the low atmosphere. The
data was gathered as three narrow bands of visible light centered on emission lines of ionized Fe atoms.
Respectively, they represent the temperature range common in the low solar atmosphere: Fe X (0.9 MK),
Fe XI (1.3 MK), and Fe XIV (1.9 MK). These measurements will eventually allow for the creation of an
accurate temperature map which will reveal a deeper understanding of the physics involved in various
atmospheric phenomena. The work presented here describes the spectroscopic data reduction process,
as well as preliminary diagnostics of temperature, and relative ionization state abundance. The high
spectral resolution of the instrument allows a measurement of the Doppler shift of the extended corona
due to solar rotation.
Collaborators: Huw Morgan

Name: Giulia Murtas
Affiliation: University of Exeter
Title: Coalescence instability in chromospheric partially ionised plasmas
Abstract: Magnetic reconnection takes place in various layers of the solar atmosphere, and plays a
fundamental role in driving heating and explosive dynamics (e.g. jets). In traditional steady-state
reconnection models the reconnection rate is too slow to explain a wide range of phenomena observed in
solar plasmas. A way to trigger fast reconnection is provided by the coalescence instability, which forms
a turbulent reconnecting current sheet by driving plasmoid interaction. Unlike the processes occurring in
fully-ionised coronal plasmas that have been the subject of extensive studies, still little is known about
how magnetic reconnection develops in the partially ionised plasmas found in the lower atmosphere. In
this talk I will discuss the role of partial ionisation on the development of fast reconnection through the
study of 2.5D numerical simulations of coalescing plasmoids.
Collaborators: Andrew Hillier, Ben Snow

Name: Jack Reid
Affiliation: University of St Andrews
Title: MHD avalanches: coronal heating in braided fields
Abstract: Parker’s ’nanoflare’ model proposes heating by the cumulative action of many small dissipative
events, releasing magnetic energy through reconnection. Aiming to assess the feasibility of coronal heating
by dissipation in a braided magnetic field, we focus on a chain of such events, in an MHD ’avalanche’.
The formation, stressing, and resultant instability of a multi-stranded coronal loop is modelled in a three-
dimensional MHD simulation, in order to determine and analyse the heating. An impulsive, localized,
and dispersed heating results. Field-aligned heating profiles inform heating functions injected into one-
dimensional hydrodynamic models. The capacity of a braided magnetic field to convert injected Poynting
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flux into thermal energy is verified, found to be efficient, and shown to be adequate for coronal heating,
maintaining realistic temperatures and densities.
Collaborators: Alan W. Hood, Clare E. Parnell, and Peter J. Cargill

Name: Ben Snow
Affiliation: University of Exeter
Title: Mode conversion of two-fluid shocks in a partially-ionised, isothermal, stratified atmosphere.
Abstract: A compressional wave propagating upwards in the solar atmosphere naturally steepens due
to the stratification of the atmosphere and can readily develop nonlinearities and shock. If the magnetic
field is inclined, a shock can separate into fast- and slow- mode components as it passes through the point
where the sound and Alfven speed are equal. This point can occur in the lower solar atmosphere, where
the plasma is partially-ionised and two-fluid effects become important. In this talk, I present results from
two-fluid numerical simulations demonstrating the mode conversion and interplay between the ionised
and neutral species for a shock wave propagating through an isothermal stratified atmosphere. A key
finding is that the finite width of a fast-mode shock can readily exceed the pressure scale height leading
to an indirect way of observing two-fluid effects in the lower solar atmosphere.
Collaborators: A. Hillier

Name: Andy S.H. To
Affiliation: Mullard Space Science Laboratory, University College London (MSSL, UCL)
Title: Anomalous Evolution of Plasma Composition During a Small Solar Flare
Abstract: Elemental abundances in the solar corona are different from those in the photosphere and
the differences seem to be strongly modulated by the magnetic field and magnetic activity. Elemental
abundances of easy-to-ionise low-FIP elements are enhanced in active region coronae compared to their
photospheric abundances, a phenomenon known as the FIP effect. Although theories have been proposed
to explain this effect, the details of the evolution of coronal composition remain a mystery despite almost
fifty years of research. Changes in elemental abundances take place on the time scales of years (solar
cycle), days or hours (magnetic flux emergence and decay), or minutes (flare). Here, we describe a strong
increase in the coronal abundances of low-FIP elements in a small flare observed by Hinode/EIS, which
is contrary to the photospheric abundances predicted by current theories. The flare was studied using a
combination of spectroscopic observations from Hinode/EIS, magnetic field observations from SDO/HMI
and contemporaneous observations from SDO/AIA. These observations and topological modelling indi-
cated that the flare occurred in an X-shaped Quasi-Separatrix Layer (QSL) structure rooted in a highly
complex active region, signifying a strong magnetic field gradient. We suggest that a complex interaction
between the waves produced by the reconnection and the QSL structure may produce an increase of
the coronal abundance of low-FIP elements, while heating and chromospheric evaporation are somewhat
delayed due to the relatively minor thermal effects of the small solar flare. These observations provide a
new insight into the evolution of plasma abundances in the solar atmosphere on short time scales.
Collaborators: David M. Long, Deborah Baker, Lidia van Driel-Gesztelyi, Gherardo Valori, David H.
Brooks, J. Martin Laming

Name: Noémi Kinga Zsámberger
Affiliation: The University of Sheffield
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Title: Suggested solar atmospheric applications of the model of an asymmetric magnetic slab
Abstract: Analytical and numerical modelling of the behaviour of magnetohydrodynamic (MHD) waves
in various magnetic geometries can offer a valuable contribution to the field of solar magneto-seismology.
Using the analytical results of our model describing a magnetic slab embedded in an asymmetric mag-
netic environment, in this presentation, we propose possible solar magneto-seismology applications to
atmospheric structures. Using the observational and modelling results available so far, we present an
analytical and parametric investigation detailing the types of MHD waves (fast, slow, surface, body,
sausage, kink) we expect to be observable in various local or global multi-layered systems of the Sun’s
atmosphere through future high-resolution observations (e.g. SST, BBSO, DKIST).
Collaborators: Róbert Erdélyi
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Sun-Earth session

Invited talks

Name: David Stansby
Affiliation: MSSL
Title: Sensitivity of solar wind mass flux to coronal electron temperature
Abstract: Solar wind models predict that the mass flux carried away from the Sun in the solar wind
should be extremely sensitive to the temperature in the corona. Using a range of in-situ and remote
sensing measurements, we have estimated the coronal electron temperature and coronal mass flux of
three coronal holes and two active region outflows, allowing an empirical test of this hypothesis.

We find that a three-fold increase in coronal temperature from 0.7MK to 2.2MK results in a large
increase in coronal mass flux by over a factor of 100. This is in qualitative agreement with current
solar wind acceleration models, and provides a new empirical constraint for future models to be tested
against. This work shows how a wide range of remote and in-situ data sources can be used to improve
our knowledge of the dynamics of the corona and solar wind, and provides a taste of things to come when
Solar Orbiter becomes fully operational.

Name: Stephanie Yardley
Affiliation: University of St Andrews
Title: Solar Eruptions and their Space Weather Impact
Abstract: Coronal mass ejections (CMEs), the largest eruptive phenomenon in the heliosphere, can lead
to strong geomagnetic disturbances upon their arrival at Earth. The physical processes that trigger and
drive solar eruptions play a crucial role in understanding the Sun-Earth connection and forecasting space
weather however, the exact processes involved remain under debate. To understand the evolution of the
Sun’s magnetic field as it forms an eruptive configuration and the dynamics of eruption we use a coupled
approach. This approach combines the use of remote and in-situ observations, time-dependent nonlinear
force-free field models and MHD simulations. The results show that using this coupled approach will
be essential for interpreting the remote and in-situ observations of Solar Orbiter, to select targets for
upcoming observing campaigns and for advancing space weather prediction.
Collaborators: Duncan Mackay, Paolo Pagano, Lucie Green, Lisa Upton
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Contributed talks

Name: Dr. Adam J. Finley
Affiliation: University of Exeter
Title: Constraining the Solar Wind Angular Momentum-loss Rate and Understanding its Astrophysical
Implications
Abstract: The rate at which the solar wind extracts angular momentum from the Sun has been predicted
by theoretical models for many decades, and yet we lack a conclusive measurement from in-situ spacecraft.
By combining numerical simulations and in-situ measurements, we estimate the angular momentum-loss
rate in the solar wind. This provides a valuable constraint on how the rotation periods of Sun-like
stars at, or older than, the age of the Sun evolve. I show how the solar angular momentum-loss rate
evolves on a range of timescales from the solar magnetic cycle, to the millennial variations inferred by
cosmogenic radionuclide records. Complementary information can be gained by studying other Sun-like
stars, which show the Sun in context. For example, it is known that the rotation rates of Sun-like
stars follow a tight relationship with age. This allows us to evaluate their angular momentum-loss rates,
without any knowledge of stellar wind physics, and produce an independent prediction of the current
solar angular momentum-loss rate to compare with our numerical and data-driven estimation. These
values are finally discussed in context with the recent observation from Parker Solar Probe, which show
the angular momentum flux in the solar wind to be more complicated than previously thought. It is
hoped that in future, a combination of observations from Parker Solar Probe and Solar Orbiter may be
able to better constrain the solar angular momentum-loss rate.
Collaborators: Sean Matt, Victor See, Siddhant Deshmukh, Amy Hewitt, Mathew Owens, Victor
Réville, Rui Pinto, the AWESoMeStars ERC Team, and the Parker Solar Probe SWEAP Team.

Name: Adam Hutchinson
Affiliation: Jeremiah Horrocks Institute - University of Central Lancashire
Title: Energetic Proton back-precipitation onto the solar atmosphere
Abstract: Gamma ray emission during Long Duration Gamma Ray Flare (LDGRF) events is thought
to be caused by ¿ 300 MeV protons interacting with the ambient plasma at or near the photosphere.
The duration of the gamma ray emission exceeds the impulsive phase of the flare, lasting for nearly a
full day in some events. This has prompted the suggestion that the source of the energetic protons is a
CME-driven shock, accelerating them over extended times, during which they back-precipitate onto the
solar atmosphere. We study particle propagation from injection at CME heights back to the photosphere
by deriving an analytical expression for the mirror point radius (the height in the solar atmosphere where
particles propagating toward the Sun are reflected by the magnetic mirror effect) for a Parker spiral
magnetic field and scatter free conditions. We also use full-orbit test particle simulations to investigate
the role that scattering and the injection height have on the proportion of protons that reach the solar
surface. We conclude that although scattering aids the energetic protons in their propagation toward the
solar surface, the precipitation fraction remains very small, being typically between 0.235 and 2.003
Collaborators: Silvia Dalla, Georgia de Nolfo, Alessandro Bruno, Timo Laitinen

Name: Shannon Jones
Affiliation: University of Reading
Title: The visual complexity of CMEs follows the solar cycle
Abstract: The Heliospheric Imagers (HI) on board NASA’s twin STEREO spacecraft show that coronal
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mass ejections (CMEs) can be visually complex structures. To explore this complexity, we ranked 1,000
CMEs observed by HI based entirely on how ”complicated” they appeared to citizen scientists. More
complex, or complicated CMEs appeared to be bigger and brighter, but also appeared to contain more
wave-like structures of varying size and direction. We found that; (a) the average visual complexity of
CMEs varies with the solar cycle, with a higher level of complexity observed at solar maximum; and
(b) on average, CMEs observed by STEREO-A were significantly more complex than those observed by
STEREO-B.
Collaborators: C. J. Scott (University of Reading), L. A. Barnard (University of Reading), R. Highfield
(UK Science Museum Group), C. J. Lintott (University of Oxford) and E. Baeten (c/o Zooniverse,
University of Oxford)

Name: Sophie Musset
Affiliation: University of Glasgow
Title: Energetic electrons from the flare to the interplanetary medium: X-ray and radio diagnostics on
the 9 September 2017
Abstract: Solar flares are one the sources of solar energetic particles detected in the interplanetary
medium. However, the conditions of particle acceleration and escape from the flare site are still under in-
vestigation. We studied the electron acceleration and propagation from the flare site to the interplanetary
medium during an event well covered with X-ray and radio diagnostics (RHESSI, Fermi/GBM, ORFEES
and LOFAR) and investigated the properties of the source of the energetic electron beam at the origin
of the observed type III bursts. We performed imaging spectroscopy with the LOFAR radio-telescope to
study the evolution of the radio sources properties between the solar source of energetic electrons and the
interplanetary medium. In this event, a group of type III radio bursts is particularly well correlated with
an enhancement of the non-thermal X-ray emission from the flare. The number of energetic electrons is
estimated to 2× 1033 electrons/s, and the type III radio bursts were observed from 700 MHz to tens of
kHz, tracing the electron propagation from the flare site to the interplanetary medium. The observations
suggest that radio-wave scattering plays has a significant contribution to the size of radio sources in high
corona and interplanetary medium.
Collaborators: Eduard Kontar, Lindsay Glesener, Nicole Vilmer, Abdallah Hamini

Name: Jennifer O’kane
Affiliation: Mullard Space Science Laboratory, UCL
Title: The Magnetic Environment of a Stealth CME
Abstract: Interest in Stealth Coronal Mass Ejections (CMEs) is increasing due to their relatively high
occurrence rate and space weather impact. However, typical CME signatures such as EUV dimmings
and post-eruptive arcades are hard to identify for stealth CMEs and require extensive image processing
techniques. These weak observational signatures mean little is currently understood about the physics of
these events. We present an extensive study of the magnetic field configuration in which the stealth CME
of 3 March 2011 occurred. The magnetic field prior to the eruption is evaluated using a Linear Force Free
Field (LFFF) model and a Potential Field Source Surface (PFSS) model, and complemented by in-depth
observational analysis. The models are verified using observations of plasma emission structures in the
stealth CME source region and trans-equatorial loops. We find evidence of a high-altitude null point in
both the LFFF model and the PFSS model, with surrounding field lines connecting two active regions
on the solar disk. One of these active regions in the Southern Hemisphere is shown to be the source
region of the stealth CME. Three distinct episodes of flare ribbon formation are observed in AIA 304Å.
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Two occurred prior to the eruption and suggest the occurrence of magnetic reconnection that builds the
eruptive structure. The third occurs at the same time as an erupting cavity is observed in STEREO-B
171Å data; this subsequently becomes part of the propagating CME observed in COR1. We conclude
that reconnection at the null point, driven by eruptive activity in the complex northern active region,
aids the eruption of the stealth CME by removing field that acted to stabilise the pre-eruptive structure.
Collaborators: Cristina H. Mandrini, Pascal Demoulin, Lucie Green, Gherardo Valori, David M. Long,
and Cecilia Mac Cormack

Name: Diego de Pablos
Affiliation: Mullard Space Science Laboratory (University College London)
Title: Analysis of time-domain correlations between EUV and in-situ observations of coronal jets
Abstract: The role of small-scale coronal eruptive phenomena in the origin and heating of the solar
wind remains an open question. In this work we attempt to determine the role played by coronal jets
forming the solar wind. This is a challenging problem due to inherent differences between remote-sensing
observations of the source and in-situ observations of the outflowing plasma, as well as its travel time
and evolution throughout the heliosphere. To overcome these issues, we propose the use Empirical Mode
Decomposition to enable the direct comparison of temporal signatures within remote sensing observations
of eruptive phenomena in the corona and in-situ measurements of the solar wind. The technique is first
validated using artificial data before being applied to measurements from the Solar Dynamics Observatory,
Wind, and Parker Solar Probe spacecraft.
Collaborators: D.M. Long (1), C.J. Owen (1), G. Valori (1), G. Nicolau (1), L.K. Harra (2,3)
(1): Mullard Space Science Laboratory, University College London, Holmbury St. Mary, Surrey, RH5
6NT, UK
(2) PMOD / WRC, Davos-Dorf, Davos, CH-7260, Switzerland
(3) ETH Zurich, Ramistrasse 101, 8092 Zurich, Switzerland
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Posters

Name: Prantika Bhowmik
Affiliation: Department of Mathematical Sciences, Durham University
Title: Prediction of the sunspot cycle 25
Abstract: Solar variability governs the electromagnetic, radiative, and particulate environment in the
heliosphere creating hazardous weather in space through eruptive events such as solar flares, coronal
mass ejections. Moreover, modulation in solar output in terms of solar irradiance defines space climate.
Both the short and long-term solar variabilities are closely associated with and mostly dominated by
the sunspot cycle. Thus, in the context of space weather studies, predicting the sunspot cycle has
gained a significant impetus in recent times. However, scientific studies have shown that the intrinsic
stochastic nature of the solar convection zone limits the range of predictability to half a solar cycle, and,
the dipolar field during the cycle minimum is one of the best precursors for sunspot cycle prediction.
In comparison, we have devised a methodology by combining an observational data-driven surface flux
transport model and an interior dynamo model to extend the prediction time window to decadal scale.
This new methodology has been validated by performing a century-scale data-driven a simulation which
reproduced the past observation quite successfully – the first of its kind. Subsequently, we employ this
technique for predicting sunspot cycle 25 while considering various possible uncertainties. Our ensemble
forecast indicates cycle 25 would be similar or slightly stronger than the current cycle and peak around
2024. Sunspot cycle 25 may thus reverse the persistent weakening trend in solar activity which has led
to speculation of an imminent Maunder-like grand minimum and cooling of the global climate.
Collaborator: Prof Dibyendu Nandy, Center of Excellence in Space Sciences India, Indian Institute of
Science Education and Research Kolkata, India

Name: Timo Laitinen
Affiliation: University of Central Lancashire
Title: Effect of large-scale drifts on SEP propagation along turbulent magnetic field lines
Abstract: Solar Energetic Particles (SEPs), which have their origins in solar eruptions, propagate in
the turbulent interplanetary medium before being observed with in situ instruments usually located far
from their source. The magnetic field turbulence causes the particles to scatter along and spread across
the mean Parker Spiral magnetic field as the fieldlines meander turbulently. On the other hand, the large
scale structure of the Parker spiral causes the SEPs to drift across the mean field systematically, and
decelerate as they propagate along the latitudinal heliospheric electric field. In this study, we investigate
for the first time how the large-scale drift affects the stochastic turbulence-associated propagation of
particles across the mean magnetic field. We solve 3D SEP orbits in a simple model with turbulent
magnetic field δB superposed on a constant background magnetic field B0. To facilitate drifts, we apply
a constant electric field E0 ⊥ B, which results in a E0 × B drift, and analyse the evolution of the
variance of 1–100 MeV protons in the direction of the drift and in the direction of the electric field. We
find that the variance increases faster in the direction of vE than in the direction of the electric field,
implying coupling between the drifts and stochastic turbulence-associated particle motion that has not
been considered before. We also note that the particle propagation along meandering fields can result
in significant changes of the particle energies. This is likely to affect the time evolution of SEP spectra
as they propagate in the heliosphere. We discuss the implications of the interplay between drifts and
fieldline meandering on the SEP propagation in the heliosphere.
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Collaborators: Silvia Dalla

Name: Sargam Mulay
Affiliation: School of Physics & Astronomy, University of Glasgow
Title: Evidence of chromospheric molecular hydrogen emission in an IRIS flare
Abstract: We present observations made during a flare of enhanced line emission from molecular hy-
drogen, H2, 1333.79 Angstrom, which is known to be fluorescently excited by Si IV 1402.77 Angstrom
UV radiation. The H2 emission was mainly observed in flare ribbons and provides a unique view of
the temperature minimum region (TMR). The temporal evolution of the H2 emission was studied thor-
oughly using IRIS spectra by measuring plasma parameters such as line intensities, FWHM (0.037-0.084
Angstrom), Doppler (blue-shifts (red-shifts) 1.8 (3.5) km/s) and nonthermal velocities (7.1-17.8 km/s).
By looking at the ratio of Si IV (1393.76/1402.77) we deduce that the plasma is optically thin to Si
IV (where the ratio = 2) during the impulsive phase of the flare in locations where strong H2 emission
was observed. In contrast, the Si IV ratio is between 1.8 and 2.0 during the GOES peak of the flare
when H2 emission was relatively weak. The variation in the H2 and Si IV line intensities and scatter
plots confirmed that the ribbon emission at these two wavelengths is strongly correlated, consistent with
fluorescent excitation.
Authors: Dr Sargam Mulay (School of Physics & Astronomy, University of Glasgow, UK), Prof. Lyndsay
Fletcher (School of Physics & Astronomy, University of Glasgow, UK, Rosseland Centre for Solar Physics,
University of Oslo, Norway)

Name: Sophie A. Murray
Affiliation: Trinity College Dublin (TCD) and Dublin Institute for Advanced Studies (DIAS)
Title: SunPy v2.0, the community-developed open-source solar data analysis environment for Python
Abstract: SunPy is an open-source Python library for solar physics data analysis and visualisation.
The goal of the SunPy project is to facilitate and promote the use and development of community-led,
free, and open source data analysis software for solar physics based on the scientific Python environment.
The project organisation and infrastructure will be presented, highlights of the newly-released of SunPy
version 2.0, and also information about how to get help and contribute to the community.
Collaborators: S. Mumford, W. Barnes, M. Bobra, B. Chen, S. Christe, L. Hayes, R. Hewett, J. Ireland,
T. Pereira, D. Perez Suarez, K. Reardon, D. Ryan, S. Savage, D. Stansby, A. Shih, K. I. Vishnunarayan,
and the rest of the SunPy Community

Name: Samuel Skirvin
Affiliation: The University of Sheffield
Title: A new method for obtaining dispersion diagram for the vertical magnetic flux tube with arbitrary
parameters
Abstract: Magnetohydrodynamic (MHD) waves are thought to play a crucial role in the energy budget
of the solar atmosphere. It is well thought that these waves contribute to the heating of the solar chro-
mosphere and quiet corona. As a result, understanding the physics and behaviour of these waves within
the context of a realistic solar atmospheric environment is of great importance. The solar atmosphere is
dynamic and contains a variety of structures which may support the propagation of these waves. Many, if
not all, of these structures will have plasma structuring profiles beyond current observational resolution.
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We introduce a new method to obtain the dispersion diagram for any arbitrary symmetric solar slab-
like waveguide. This numerical technique utilises the shooting method such that the continuity of total
pressure and horizontal displacement are satisfied at the slab boundaries. The method is tested with well
known results in solar physics for different profiles of plasma density such as the uniform step function.
This technique of obtaining the dispersion diagram does not require a corresponding analytic dispersion
relation - making it a very powerful tool.

We also present results of the wave behaviour in a magnetic slab under both coronal and photospheric
conditions where the plasma density inside the slab is modelled as a Gaussian distribution with a varying
width (standard deviation). It is shown that the slow waves are affected the most by the introduction of
plasma inhomogeneity. Under coronal conditions, slow body waves are trapped between the maximum
internal sound speed and the internal tube speed at the boundary.

Furthermore, we propose in future to extend this study to include internal plasma flows with arbitrary
spatial profiles and inhomogeneous magnetic field structuring to accurately investigate wave behaviour in
for example spicules and coronal loops. This tool could also provide a greater insight into the phenomenon
of phase mixing and resonant absorption.
Collaborators: Dr Viktor Fedun & Dr Gary Verth

Name: Yuyang Yuan
Affiliation: The University of Sheffield
Title: Vortex detection by improved gamma method
Abstract: The Vortex Detection Code (VDC) version 1.0 (VDC v1.0, written in Mat-Lab) is designed
to detect and identify the vortex flow motions in the 2D numericalor observational solar data. Code
is based on implementation of Gamma func-tions Graftieaux et al. 2001 and new algorithm for more
accurate tracking of the vortex boundary. The code is fully tested on the numerical datagenerated by
SolarBox code.
Collaborators: Yuyang Yuan (SoMaS/ACSE), YYuan26 at sheffield.ac.uk, Viktor Fedun (ACSE),
v.fedun at sheffield.ac.uk, Gary Verth (SoMaS), g.verth at sheffield.ac.uk
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