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After the launch of STEREO twin spacecraft, and most recently of Solar Orbiter and Parker
Solar Probe spacecraft, the next mission that will explore Sun-Earth interactions and how
the Sunmodulates the Heliosphere will be the “Lagrange”mission, which will consist of two
satellites placed in orbit around L1 and L5 Sun-Earth Lagrangian points. Despite the
significant novelties that will be provided by such a double vantage point, there will be also
missing information, that are briefly discussed here. For future heliospheric missions, an
alternative advantageous approach that has not been considered so far would be to place
two twin spacecraft not in L1 and L5, but in L4 and L5 Lagrangian points. If these two
spacecraft will be equipped with in situ instruments, and also remote sensing instruments
measuring not only photospheric but also coronal magnetic fields, significant advancing
will be possible. In particular, data provided by such a twin mission will allow to follow the
evolution of magnetic fields from inside the Sun (with stereoscopic helioseismology), to its
surface (with classical photospheric magnetometers), and its atmosphere (with spectro-
polarimeters); this will provide a tremendous improvement in our physical understanding of
solar activity. Moreover, the L4-L5 twin satellites will take different interesting
configurations, such as relative quadrature, and quasi-quadrature with the Earth,
providing a baseline for monitoring the Sun-to-Earth propagation of solar disturbances.

Keywords: space weather, future missions, open problems, solar physics, solar eruptions

INTRODUCTION: STATE OF THE ART

One of the main target of Space Weather is to provide alerts to the human society before the
occurrence of a geomagnetic storm, within the reasonable amount of time required to prevent
possible consequences for human technologies and activities (see e.g., Schrijver et al., 2015; Eastwood
et al., 2018). For these reasons, in 2009 ESA started the Space Situation Awareness (SSA) program
(see e.g., Opgenoorth et al., 2019 and references therein), working on three main areas: Space
Weather (SWE), Near-Earth Objects (NEO), and Space Surveillance and Tracking (SST), with SSA
Program Office located at ESOC Darmstad (Germany). Focusing on main progresses for SW
activities, over the last 12 years lot of developments have been implemented, such as (but not limited
to) the SW data center (SWDC) located at ESA Redu Space Services Station in Belgium, and the ESA
SSA SW coordination center (SSCC) in Bruxelles (established in 2013), with integrate information
provided also by the Met Office Space Weather Operations Center in United Kingdom (established
in 2014).
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In particular, SSCC is coordinating a common effort at
European level, the SW Service Network including 5 “Expert
Service Centers” (ESCs) and consisting of ∼40 European teams
collaborating to provide products and services for customers.
These centers heavily rely on space-based data provided by
remote sensing instruments. Hence, under the SSA program
ESA is also expanding the use of data provided by existing
missions (e.g., PROBA-2, SOHO, Gaia, SWARM), but also
studying the deployment of new SW sensors to be hosted on
future missions, and supporting the development of a new
mission called “Lagrange” (Hapgood, 2017). This mission will
be entirely dedicated to SW monitoring, and will consist of two
satellites placed in orbit around the Sun-Earth Lagrangian points
L1 and L5; the mission development is now in Phase B, and its
launch is planned for 2025, when the development of SW services
mentioned above will also be ready to integrate the data coming
from “Lagrange” mission (Kraft, 2017).

Among the different Sun-Earth Lagrangian points, in the
development of the “Lagrange” mission a preference was given
to L1 and L5 points mostly because L1 offers a very good vantage
point to measure local conditions of interplanetary plasma just
before its interaction with the Earth’s magnetosphere, and a good
point to monitor the solar hemisphere facing the Earth, while L5
offers a good vantage point to constrain the arrival time of CMEs
(Vourlidas, 2015; Rodriguez et al., 2020) and detect with remote
sensing instruments the arrival of Active Regions or equatorial
coronal holes before their appearance behind the solar limb
visible from the Sun-Earth line (Hapgood, 2017).

Given the inherent complexity of physical phenomena related
with solar activity (including for instance the emergence of
magnetic flux, the accumulation of magnetic energy in the solar
atmosphere, the destabilization of magnetic configurations, the
acceleration of plasma and particles, etc . . .), the research dealing
with single specific case studies failed so far to identify clear and
common universal phenomena occurring in every event (see e.g.,
Chen, 2011; Liu, 2020), although unified models have been
recently proposed (Wyper et al., 2017). On the other hand, the
huge number of studies performed over the last decades on
eruptive events from the Sun demonstrates that a statistical
knowledge of these phenomena (e.g., Wheatland, 2005;
McKenna-Lawlor et al., 2006; Song et al., 2009; Ma et al., 2010;
Morgan et al., 2012) based on large catalogs (e.g., Gopalswamy
et al., 2009; Rotti et al., 2020) is not sufficient to provide reliable
forecast of Space Weather conditions, also because of limited
duration of solar-terrestrial datasets (see e.g., discussion by
Hapgood, 2011). Over the last ∼10 years, a rising number of
researchers moved their interest to the promising research
fields of Artificial Intelligence and Machine Learning (see
review by Camporeale, 2019) applied to solar and i.p. physics
data for SW forecasting purposes, for instance to predict the
occurrence of solar eruptions and flares (e.g., Ahmed et al.,
2013; Benvenuto et al., 2018; Florios et al., 2018), predict
geomagnetic storms (e.g., Sexton et al., 2019), and to detect and
classify solar events (Martens et al., 2012; Armstrong and Fletcher
2019; Hughes et al., 2019). Thesemethods are really promising, but
it is maybe too early to knowwhat will be the new results that these
methods will provide in the end.

MOTIVATIONS: THE NEED FOR MAGNETIC
FIELD MEASUREMENTS

In general, learning a phenomenon does not necessarily imply a
real physical understanding of it, but the latter is needed to
generalize new discoveries about Sun-Earth interactions
(Hapgood, 2011), and also to apply the same concepts for
instance to the interaction of other planets in the Solar System
with the Sun, or to other planetary systems orbiting solar-type
stars in our Galaxy. Without a real understanding of solar-
terrestrial physics (e.g., Tsurutani et al., 2020), any significant
change in the background, stationary, or “average” conditions
that were used to “learn” anything about the complex behavior of
the Sun-Earth system even over one full solar cycle, will make the
system likely unpredictable when extreme Carrington-like events
will happen (Riley et al., 2018). In this perspective, SW prediction
capabilities we are developing could fail just when we will need
them most. Hence, it is hard to believe that real SW prediction
capabilities will ever be developed in the end without going
through a real understanding of physical phenomena driving
the solar variability and the corresponding planetary response.
Moreover, significant advancing in our forecasting capabilities
will necessary require a much deeper understanding of the origin
on the Sun and propagation/evolution in the interplanetary
medium of these disturbances.

Now, because the majority of phenomena occurring on the
Sun are driven by magnetic fields and related plasma physical
phenomena, this means in particular that we need a better
understanding of how the magnetic fields are generated in the
solar interior, how their emergence through the photosphere,
their storage and release in the lower corona, and the final
connection with our planet. Hence, a mission specifically
dedicated to these objectives is needed. In fact, previous solar
missions demonstrate the potential of remote sensing
observations combined with in situ instrument data acquired
frommultiple points of view, but muchmore attention is required
to the origin and evolution of solar magnetic fields.

Unfortunately, continuous monitoring of the magnetic fields
on the Sun is currently possible only for one single layer of this
star: the photosphere (see Kleint and Gandorfer 2017). Over this
surface, magnetic field measurements are possible thanks to the
Zeeman splitting of some spectroscopic lines, related with the
strength of the magnetic field. These measurements are currently
available 24 h per day only for the solar hemisphere visible along
the Sun-Earth line. On the other hand, field measurements in the
above layers of the Sun have been proven to be possible with
spectro-polarimetry both in the chromosphere (e.g., Kano et al.,
2012) and the corona (Tomczyk and McIntosh 2009) by using
Zeeman and Hanle effects (see also Raouafi et al., 2016; Yang
et al., 2020). Unfortunately, coronal field measurements are
acquired so far only along the Sun-Earth line, hence on the
plane of sky of the solar corona as seen from Earth. This means
that at present (under favorable conditions) we can measure
coronal magnetic fields related with sunspots and active regions
located on the limb whose photospheric fields cannot be
measured, while we can measure photospheric fields of these
regions when they are located in the visible hemisphere when the
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corresponding coronal fields cannot be measured. So, at present
magnetic fields cannot be measured at the same time from the
photosphere to the corona. As a result, it is at present impossible
to fully understand how the magnetic energy is transferred from
the photosphere to the corona, how it is stored in the corona, and
why the excess energy is finally released when the system is
destabilized, leading to solar flares, CMEs, and SEP acceleration.
Having information of photospheric-to-coronal magnetic fields is
of paramount importance to forecast geomagnetic storms in
advance, because the magnetic structure of the flux rope
embedded in the eruption is the most crucial parameter to
determine the strength of the space weather effects (see e.g.,
Kilpua et al., 2019), and our current capability to provide that
information is very modest.

To solve this significant lack of information, many different
extrapolation methods have been developed to reconstruct the
coronal fields starting from the measured photospheric fields (see
Wiegelmann, 2008; Régnier, 2013 and references therein), but the
agreement between the location and orientation of the
reconstructed fieldlines and the observed EUV coronal loops
(usually assumed to match the fieldlines) is only marginal
(Sandman et al., 2009), in particular above active regions
where significant deviations from the lower energy potential
field configuration are present (Aschwanden, 2013). A better
correspondence with EUV features is provided for instance by
non-linear Force-free field extrapolations (e.g., Guo et al., 2012;
James et al., 2018) or time-dependent magneto-frictional
methods (e.g., Pomoell et al., 2019), but these models provide
a good reconstruction only for regions located near the solar disk
center, and because measurements of the above coronal fields are
missing, more quantitative comparisons are not possible.
Moreover, these extrapolation methods start from
photospheric field measurements acquired when the active
regions are observed in the visible hemisphere, and these fields
can be compared only with EUV features visible on-disk in the
inner corona (h < 1.3 Rsun), while a comparison with coronal
features extending at higher altitudes requires off-limb
observations (as those recently provided by PAROBA2/SWAP;
O’Hara et al., 2019), and again these observations are daily
available only along the Sun-Earth line. Hence, a comparison
between the extrapolated coronal fieldlines and the observed
coronal features requires to assume that these fields are not
changed significantly over the time required (3–7 days) for the
active region observed on disk to move at the limb dragged by
solar rotation.

The situation was marginally improved thanks to the STEREO
mission (Kaiser et al., 2008), that provided for the first time
observations of coronal structures on a plane of the sky aligned
with the Sun-Earth line, but (because STEREO spacecraft are
orbiting the Sun along the Earth orbit, but drifting away from
Earth at an average rate of about 22.5° per year) this happened
only for short periods during the mission. Moreover,
unfortunately the STEREO spacecraft didn’t have on-board
any photospheric field magnetometer, and not even any
coronal field magnetometer. In the near future the situation
will be slightly improved thanks to Solar Orbiter mission
(Müller et al., 2013), which is carrying on-board a

photospheric magnetometer (Solanki et al., 2020), a
coronagraph (Antonucci et al., 2020) and a Heliospheric
Imager (Howard et al., 2020), but remote sensing observations
will be acquired only during specific time windows, and only a
few of them will occur with the spacecraft in quadrature with
respect to the Earth.

As anticipated, to overcome these limits ESA is now
developing the “Lagrange” mission (Hapgood, 2017), with the
aim to put in stable orbits two satellites around the L1 and
L5 Sun-Earth Lagrangian points. In particular, the real novelty of
the mission will be represented by the satellite put in orbit around
the L5 point, something that has never been attempted before.
From this vantage point, the remote sensing instruments on-
board the spacecraft (including a photospheric field
magnetometer) will continuously monitor coronal off-limb
features located near the plane of the sky close to the Sun-
Earth line, and the interplanetary propagation of solar
disturbances expanding toward Earth. It will be possible for
the first time to measure with remote sensing data
photospheric fields of active regions crossing the solar limb as
seen from Earth and before their arrival with solar rotation on the
hemisphere pointing toward our planet. Moreover, in situ data
acquired in L5 will detect possible high-speed streams and Stream
Interaction Regions before their arrival on Earth ∼4.5 days later
dragged by rotation of the Parker spiral. These are likely the main
reasons why the L5 point was chosen instead of L4 for the
“Lagrange” mission.

Nevertheless, there are few important considerations to be
made. First of all, neither of the two “Lagrange” satellites will
carry on-board an instrument to measure with spectro-
polarimetry coronal magnetic fields. Hence, without a coronal
magnetometer, it will be again necessary to extrapolate these
fields in the corona, starting from photospheric field
measurements: a mission carrying on board such an
instrument will be still missing in the near future. For this
reason, similar instruments have been proposed as a payload
not only for past missions (e.g., Peter et al., 2012), but also more
recently1 in response to the call for “white papers” for the long-
term planning of ESA science program (MiMOSA mission).

Second, we have to consider that the L5 point is not located in
quadrature with the Earth, but at an angle from the Sun-Earth line
of 60°, which is not the ideal location to monitor solar eruptions
propagating toward the Earth. This angular separation may not
appear significant, considering also the angular expansion of solar
eruptions, but the visible light emission observed by
coronagraphs maximizes on the so-called “Thomson sphere,”
and this limit their visibility in the inner corona to the instrument
plane-of-sky (see review by Rouillard, 2011). The spacecraft in L5
will be likely placed in a stable “Trojan” orbit (Llanos et al., 2012),
which is almost elliptical, with amplitude of the orbit depending
mostly on the chosen transfer trajectory and transfer time from
the low Earth parking orbit, and two extreme cases can be
considered here. For instance, if the spacecraft will be inserted
in a small amplitude Trojan orbit (even down to ∼100 km)

1https://www.cosmos.esa.int/web/voyage-2050/white-papers
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around L5, the remote sensing instruments will never observe the
corona in quadrature with the Earth. On the other hand, if the
spacecraft will be inserted in a large amplitude Trojan orbit (up to
∼0.25–0.50 AU), the spacecraft will spend a half of its time very
close to the quadrature configuration, and the second half very far
from this configuration. The period of any of these orbits around
L5 is about one year (Llanos et al., 2012). In summary: both in the
first and in the second case a single spacecraft placed in L5 will
never be able to monitor continuously the Sun in quasi-
quadrature with respect to the Earth.

Third, we also have to remember that, considering the path
followed by Solar Energetic Particles (SEPs) during their
propagation in the interplanetary space, the most dangerous
Active Regions (in terms of possible SW effects) are those
located not at the center of the solar hemisphere as seen from
the Sun-Earth line, but those located Westward, typically around
45–60° West (see review by Reames, 2013). This phenomenon is
related with the Sun-Earth magnetic connectivity through the
Parker spiral of interplanetary magnetic field, making an angle of
about 45° with respect to the radial direction at the Earth’s orbit.
As a consequence, photospheric magnetic fields for these
dangerous Active Regions cannot be observed at all from a
spacecraft located in L5 (because the region will appear behind
the limb as seen from that vantage point), and can be only
marginally observed from a spacecraft located in L1 or along the

Sun-Earth line (because the best measurement of photospheric
fields provides the line-of-sight component of these fields, unless
vector magnetograms are employed, whose data have a well-
known ±180° azimuthal ambiguity, Gary and Hagyard, 1990).
Hence, the best location to measure magnetic fields of Active
Regions magnetically connected with the Earth will be nor L5,
neither L1, but the L4 Lagrangian point.

LOOKING FORWARD: THE ADVANTAGES
OF A TWIN L4-L5 MISSION

A solution to all the above missing capabilities of the previous (e.g.,
STEREO), current (e.g., Solar Orbiter), and near future (e.g.,
“Lagrange”) missions will be covered instead by a new mission
concept, consisting of twin spacecraft to L4 and L5, briefly
described here. An example of a combined views of
photosphere and corona that will be provided by L4 and L5 is
shown in Figure 1: the unique combination of these data would
allow to monitor the same Active Region and its impact on the
overlying atmosphere from the limb to the disk center at the same
time, allowing to follow the emergence of photospheric fields, the
accumulation of coronal fields, and their release from a side and
face perspectives. Considering the limited amount of space and the
aims of this paper, I will not review here the need for a mission

FIGURE 1 | Example of a possible combination of data acquired from L5 (top row), L1 (middle row), and L4 (bottom row) vantage point. The different columns
show the visible photosphere (left column), the inner corona (middle left column), and the corresponding photospheric fields (middle right column) and coronal field
azimuth (right column). The location of the same sunspot group is outlines with a circle.
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carrying remote sensing instruments capable to measure at the
same time not only the photospheric, but also the coronal magnetic
fields with spectro-polarimetry. The interested reader may refer for
instance to the recent paper by Raouafi et al. (2016), or to the
review by Kleint and Gandorfer (2017), and references therein.

Whatwill be discussed here instead is the importance to consider a
similar suite of instruments on-board a twinmission to the L4 and L5
vantage points; this idea was first proposed by Bemporad et al. (2014)
in a mission concept named “HeMISE (Helio-Magnetism
Investigation from the Sun to Earth).” Let us consider here two
twin spacecraft, carrying in situ and remote sensing instruments
measuring photospheric and coronal fields, and being located in
stable orbits around L4 and L5 Lagrangian points. This configuration
will have many advantages, briefly summarized here. The two
spacecraft could be placed both in close orbit around L4 and L5,
thus keeping almost all the time a relative separation angle of about
∼120° each other, and ∼60° with respect to the Sun-Earth line. During
a solar eruption, the same event would be observed expanding above
the limb fromone viewpoint (thus allowing an early determination of

kinematical properties of CMEs and shocks), and face-on above the
disk (the perfect location to study the flare and SEP acceleration), as it
is shown in Figure 2 bottom left panel. Nevertheless, this
configuration seems not the best option for scientific and
monitoring purposes.

More interestingly, the two spacecraft could be placed in a much
broader Trojan orbit around L4 and L5, having for instance an orbital
amplitude (corresponding to two times the maximum radius
measured from center of the libration orbit) of about 0.52 AU
(Llanos et al., 2012). In this case, during the orbital period of
about one year, each spacecraft will change its longitudinal angle
with respect to the Sun-Earth line from a maximum amplitude of
about 75°, down to a minimum amplitude around 45° (Figure 2,
bottom right panel). Then, with two spacecraft in L4 and L5 two
possible cases can be considered: 1) synchronous orbits, and 2)
asynchronous orbits shifted by half a orbital period. If the two
orbits around L4 and L5 (separated by an angular distance by
120°) are synchronized, then the separation angle between the two
spacecraft will change from amaximumof 150° (quasi-opposition) to

FIGURE 2 | Example of possible advantages offered by the twin L4-L5 mission proposed here. Top panels: the plane-of-sky (POS) of remote sensing instruments
will allow to observe limb events from one spacecraft that will be observed as events at the center of solar disk from the other spacecraft. Bottom left: combinations of
remote sensing and in situ data will allow to study CMEs propagating at different direction (blue, red, and yellow arrows) and also to sample the associated SEP fluxes
propagating along the Parker spiral arms (blue, red, and yellow dashed lines). Bottom right: during their Trojan stable orbits around L4 and L5 the twin spacecraft
will go from relative quadrature to quasi-quadrature with the Earth (dashed lines). These drawings are based on the plot provided by the STEREO orbit tool2 and showing
the location of STEREO spacecraft when the mission passed nearby L4 and L5 points (October 2009).
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aminimum of 90° (quadrature), with both spacecraft closer/farther to
the quasi-quadrature configuration with the Earth in the same period
of time. On the other hand, in the case of asynchronous orbits shifted
by half a orbital period, the separation angle between the two
spacecraft will be almost constant during the mission, and the two
spacecraft will move alternatively closer and farther from the quasi-
quadrature with the Earth.

The first configuration 1) will provide very interesting cases from
the scientific point of view. In particular, during quadratures between
the two spacecraft photospheric fields sampled by one view point will
be observed at the same time in the lower corona, off-limb with
coronagraphic spectro-polarimetric data acquired from the second
view-point. Photospheric fields measured by one spacecraft will be
combined with coronal fields measured by the second spacecraft in
quasi-quadrature, thus providing for the first time a continuous
coverage of solar magnetic fields through the solar atmosphere.
Hence, it will be possible for the first time to really understand
how the emergence of magnetic fields in the photosphere directly
affect the coronal structures, providing completely new information
for the origin of solar eruptions, occurrence of impulsive events,
acceleration of solar wind (stereoscopic coronalmagnetometry).More
than that, during the rest of the whole mission it will be possible in
general to perform 3D reconstruction of solar stationary features in
the inner corona, 3D reconstructions of CMEs and their kinematic,
and stereoscopic helioseismology. In particular, it will be possible to
study the 3D propagation of waves in the solar interior down to the
tachocline from two points of view, opening the possibility for
stereoscopic global helioseismology. The feasibility of research in
this latter topic will be tested for the first time with the
forthcoming Solar Orbiter data, but this mission will acquire only
limited datasets during specific remote sensing periods, while satellites
in stable orbits around L4 and L5 will cover potentially years of
evolution of the Sun, and a long-term data coverage is of fundamental
importance to understand the whole solar cycle evolution.

On the other hand, the second configuration 2)with the two orbits
around L4 and L5 shifted by half a period will be the more suitable
one for SW monitoring applications. The reason is that in this case
one of the two spacecraft will be alternatively closer and farther from
the quasi-quadrature configuration with the Earth. This means that
among two spacecraft, one of them will be ever closer to the best
configuration to monitor solar transients propagating toward the
Earth. These resultingwill be sampled by the heliospheric imagers on-
board the spacecraft, covering almost the whole range of distances
from the Sun to the Earth (like H1 and H2 imagers on-board
STEREO). This will allow continuous 3D reconstructions of solar
transients propagating to the Earth, hence providing a ideal mission
for space weather studies. The same scientific cases mentioned above
(3D reconstructions and stereoscopic helioseismology) will be also
possible, with the advantage that the separation angle between the
twin spacecraft will be almost constant with time, and this will reduce
the long-term variability of data analysis for helioseismology. This
configuration of L4-L5 satellites, complemented with measurements
from L1 or from the Earth, would provide nearly continuous
boundary conditions for coronal field models.

Moreover, considering again the geometry of
interplanetary magnetic field spiral, very interesting science

cases will be provided by the possible combinations of remote
sensing and in situ data. The unique vantage point offered by
the spacecraft in L5 will allow to detect in situ SEPs
propagating along the Parker spiral and related with geo-
effective ICMEs with the source region located near the center
of the visible hemisphere as seen from the Sun-Earth line. On
the other hand, the spacecraft in L4 will detect in situ the
transit of ICMEs associated with SEP streams affecting the
Earth. When the spacecraft will be in quasi-quadrature
configuration, in the case of a CME directed toward one of
them, the same eruption will be observed with remote sensing
data as limb event from one spacecraft, and sampled later on
with in situ data from the other spacecraft (Figure 2, bottom
left panel). Last but not least, the L4 vantage point will allow to
monitor Active Regions magnetically connected with the
Earth with standard photopsheric magnetograms, thus
helping the forecasting of flares accelerating SEP fluxes
toward the Earth.

SUMMARY AND CONCLUSION

This paper briefly summarized the current state and future
directions of solar and heliospheric physics human
investigation. Among the current and proposed future
missions exploring the Heliosphere, a possible combination
of twin satellites orbiting around the L4 and L5 Sun-Earth
Lagrangian point has never been proposed. The advantages
and new knowledge of such a configuration were briefly
described here: in particular, if the spacecraft will be
equipped not only with “classical” remote sensing and in situ
instruments, but also with coronal magnetometers, the
combination of data acquired by the L4-L5 perspectives will
provide a new knowledge of magnetic fields evolution across
different layers of the Sun, and will also allow to monitor almost
continuously in quasi-quadrature configuration the Sun-Earth
interactions.
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